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SECTION 5 

CONSTRUCTION METHODS 


SYSTEM AND CONTROL IN BUILDING 

By a. G. Motjlton 

It can be said that modern construction methods owe their supremacy to the mistakes of 
the past and an equally plausible assumption follows that the mistakes of the present will be of 
similar if not greater assistance to the builder of the future, A recognition of this fact by many 
of our representative builders has inclined them, in an earnest effort to profit by their own errors, 
to undertake a more serious and systematic study of the problems coming before them than thev 
were wont to make in the past. Feature by feature, each feasible scheme has been taken up and 
separately analyzed; every branch of industry has been called upon for that which would seem 
to assist or be of benefit and every science has been enlisted for that which would be helpful, 
until today there stands a profession in all that ihe name implies to supplant what was only a 
trade of yesterday. 

The first result of such serious study has been a general systematizing of the essential forces 
and efforts, both as applied through the office in preliminary preparation as well as in actual field 
operations. System implies control, and this is now obtained through the assistance of two 
highly important documents: (1) the “time schedule;” and (2) the “working estimate.” 

1. The Time Schedule. — Every building operation before reaching the construction stage 
should be placed on a definite time schedule, with predetermined dates for the arrival and de- 
parture of each individual trade that will enter into its construction. In form it may not be 
unlike the railroad folder of common usage. A more forcible resemblance may perhaps be 
found in the discovery that it is equally as destructive to the progress of a building to assign 
two conflicting trades to the same period as would obtain were two trains to attempt the same 
stretch of track concurrently. 

la. Elements of the Time Schedule. — A properly prepared building schedule 
will assign to each trade or operation four definite dates; 

1. The date on which subcontracts or purchase orders should be placed in order that the materials involved 
may be properly and economically prepared and deliveries synchronized to keep pace with the leading trade. On 
a well-analyzed operation, such a thing as waiting for materials is quite inexcusable; not only will the continuity of 
the trades be disturbed, with consequent hardship to other departments and lines not to blame, but more often 
than not, a permanent delay to the building's completion will ensue. This directly affects the owner’s interest, 
and on many enterprises, where the investment assumes vast proportions as the date of completion approaches, 
even so little as a day’s delay may be a matter of serious financial loss. Equally so, it is important not to crowd a 
j ob with materials before the operation is ready. To do so means additional expense of rehandling and temporary 
protection, to say nothing of the handicap placed on other trades by causing them to work over and around stored 
materials. 

2. The latest date on which all information inclusive of designs, scale details, and approved shop drawings 
must be in the hands of the subcontractors or shop, in order that they may intelligently prepare or fabricate the 
materials and meet promised delivery. With the importance of this date recognfzed'by the architect or designing 
engineer, little or no diflSculty should be experienced in adherence thereto. On the other hand, without this very 
close cooperation, many serious set-backs will creep into the building operation and constant watchfulness may 
be required on the part of the builder to protect the schedule at this point. 

3. The date on which actual field work at the building should commence. Here again, delays are dangerous. 
The failure of one trade to take its appointed place at the time designated will either throw back all succeeding 
trades a corresponding period or will result in the confusion of two or more trades trying to operate in the same space, 
until the delinquent one has speeded up to resume his normal station. While the exact sequence in which the var- 
ious trades should be brought upon the work is in a few instances debatable, their position as a rule is generally 
predetermined by the relation one bears to the other. When this relationship is not clearly defined, such as between 
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steam or plumbing risers and floor arches of steel frame buildings, or between plaster ceilings and cement or marble 
floors, resort must be had to local custom, and the adaptabihty of the tradesmen involved to that procedure which 
would seem the most economical in time and money. Other things being about equal, that method resulting in the 
least total time expended on the structure should always receive the decision. 

4. The date on which all field work should be completed; a delay here may or may not be so vital, dependent 
on whether succeeding trades are held up thereby in the completion of their w’ork. 

A slow or faltering trade is always a detriment to any building enterprise, and it is for the quick detection and 
prompt cure of such symptoms that the time schedule serves its most important purpose. 

16. Stages of Building Operations. — The facility and practicability with which 
a time schedule may be prepared is dependent quite largely on the experience and general knowl- 
edge of trade sequences possessed by the compiler. For an initial try-out it is well to conceive 
the building as divided into the three periods or stages of construction into which it quite 
naturally groups itself. They are as follows: 

(1) Foundations and walls to grade. 

(2) Superstructure without finishing trades. 

(3) Finishing trades. 

First Staye , — For the first stage, conditions will be found to vary so with each different structure that set 
rules do not readily apply. Preparation of site, with possibly a wrecking operation, excavation, foundations, sheet 
piling, shoring, piling, caissons, steel grillage, and walls to grade may all be involved. In ascribing time values to 
this class of operations, only an intimate knowledge and study of local conditions can be relied upon. Each indi- 
vidual operation should be analyzed separately, and that starting date established which will result in the greatest 
harmony to the whole. It should be borne in mind that at this stage the working space is greatly restricted, 
and the surrounding conditions for the receipt and storage of materials are apt to be at the worst. In order to com- 
pensate for unforeseen contingencies, as much slack as the total time allow'ed for the building will permit should be 
allotted to this stage of the operation; even at the expense of a sensible tightening up on the schedule for the balance 
of the w'ork. A rough-and-ready check found useful by the writer is an allow’ance of 2 ft. per week, the figured 
distance being the depth to w'hich the footings project below grade. Such a check is not accurate on very deep 
foundations, such as are met with in Chicago practice with caissons extending 90 or 100 ft. below' grade, but more 
directly applies to rock work and foundations of medium depth as found in the East.and elsewhere. 

Second iS£a//e.--The second stage, that of the superstructure, is controlled in time values by the three basic 

frades involved: 

1. The supporting steel skeleton, or, if w'all bearing construction, the exterior walls themselves. 

2. The arches or floor construction. 

3. Dividing walls or interior partitions. 

All other roughing trades are collateral with or dependent upon one or the other of the aforementioned 
■principal lines. 

in the further discussion of the time schedule and its preparation, reference will be had to the steel frame or 
strictly fireproof type of building as generally found embodied in the modern hotel or office structure. Being more 
complex in the number and variety of trades involved, it will serve as the best illustration. Schedules for other 
types of construction can be evolved by similar methods, simply eliminating those trades which do not pertain. 
On this type of construction 4 to 5 days per story of height is the usual time allowance for erection of the steel 
frame. It is to be noted that on the above basis the area of the building bears no direct function to the progress 
desired. It has an effect, however, on the type of equipment to be chosen, which will be referred to later. As an 
illustration, a 12-story hotel or office building would be allotted from 48 to 60 days in which to carry the steel work 
from grade to completion, which includes the time required by the steel erector in getting his forces and equipment 
away from the building. The collateral trades dependent on the steel work should be started concurrently with it 
or at intervals of a few days — due caution as to the safety of the workmen involved, and the proper sequence to 
prevent the covering up of uncompleted work by other trades being observed. 

The second controlling trade embraces the floor construction, or arches. A safe rule is to set this down to start 
from 25 to 40 days after the start of the steel; and the third controlling trade, or interior partitions, the same period 
after the start of the floor arches. In each instance the dependent trades will be assigned their places in manner 
similar to that described for those following the steel. 

Third Stage . — For the finishing trades, or third stage of the building, conservative practice permits an allotment 
of from 90 to 120 days after completion of steel, indicating about 40 days after completion of interior partitions. 

Ic. Total Time Involved. — Reverting again to a 12-story structure, and assum- 
ing that the foundations extend 20 ft. below grade with basement included, the time schedule 
will now have reached somewhat the following values; 


Foundations: 10 weeks or 70 days 70 days 

Steel frame: days per story, or 54 days 

Arches finish after steel 30 days 

Partitions finish after arches 30 days 

Finishing trades 100 days after steel 40 days 


Total time 


224 days ov 7 H months. 



Sec. 6-li.'] 


CONl-iTRUCTION METHODS 


817 


TIME SCHEDULE 


Thompson-St.\rrbtt Company 

Class Office Buildiag Smith Ho. 875 Date ^iie 3d, 1928 


Office schedule 




Job schedule 

Architect’s 

Contract 

All 


Work 



drawings 
to let 

must be 
let on or 

details 

for 


Start 

Finish 

contract 

before 

sub-con 








1 

Steel drawings 


6-7-28 


6-1-28 


2 

Architect’s drawings 



6-1-28 

6-10-28 

3 

Wrecking 

6-1-28 

G-20 

6-1 

6-4 

6-15 

4 

Excavation. 

6-10 

7-30 

6-1 

6-10 

6-20 

5 

Drains and water 

6-20 

7-10 

6-15 



6 

Caissons — piles 



G-15 

6-25 

7 

Foundations — concrete 

7-10 

8-25 

6-15 

G-lo 

6-25 

8 

Walls to grade 

7-20 

8-30 

6-15 

6-15 

6-25 

9 

Waterproof — walls 

7-20 

8-30 

6-5 

6-5 

6—15 

10 

Grillage — column bases 

8-15 

8-30 

6-5 

6—5 

6—15 

11 

Steel erection — stack 

9-1 

10-25 

6-20 

7-10 

7-20 

12 

Ornamental iron — stairs — 

9-10 

11-25 

6-20 

7-10 

7-20 


plain 



13 

Ornamental iron — finish 

12-20 

3-15 

6-20 

7-10 

7-20 

14 

Elevators — guides — temp, car 

10-15 

11-22 

6-20 

7-10 

7-20 

15 

Elevators — car — signal — test 

12-20 

3-15 

6-20 

7-10 

7-20 

16 

Boilers — temp, heat 

10-10 

12-10 

8-1 

8-20 

8-30 

17 

Pump — tanks 

11-1 

11-30 

7-1 

7-20 

7-30 

18 

Arches 

9-12 

11-15 

6-20 

7-10 

7-20 

19 

Plumbing — gas — rough — test 

9-10 

1-8 

9-1 

9-20 

9-30 

20 

Plumbing — finish — fixtures 

12-20 

2-25 

6-20 

7-10 

7-20 

21 

Heat — ventilation — rough 

‘ 9-10 

1-8 

9-1 

9-20 

10-30 

22 

Heat — regulation — finish 

12-20 

2-25 

6-20 

7-10 

7-20 

23 

Electric — rough — temp, light 

9-10 

1-8 

9-1 

9-20 

10-30 

24 

Electric — fixtures 

12-20 

2-25 

7-10 

7-30 

8-10 

25 

Common brick masonry 

9-25 

12-20 

7-1 

7-20 

7-30 

26 

Granite 

9-20 

9-30 




27 

Bluestone 



7-1 

7-20 

7-30 

28 

Limestone — marble exterior 

9-25 

12-20 

7-1 

7-20 

7-30 

29 

Terra cotta 

12-5 

12-20 

7-1 

7-20 

7-30 

30 

Face brick — enameled 

10-1 

11-10 

7-1 

7-20 

7-30 

31 

Special brick — mould — fire — 

10-1 

11-10 





hollow 



7-1 

7-20 

7-30 

32 

Wood frames — sash — pulleys 

9-25 

12-20 

7-1 

7-20 

7-30 

1 33 

Metal frames — sash — pulleys 

9-25 

12-20 

7-20 

8-10 

8-20 

34 

Weights — chains 

10-10 

12-20 

7-20 

8-10 ! 

8-20 

35 

Glass 

10-10 

12-20 

8-1 

8-20 

8-30 

36 

Roof cover 

11-15 

12-20 

8-1 

8-20 

8-30 

37 

Sheet metal 

11-15 

12-20' 

8-1 

8—20 

8-30 

38 

Bucks 

10-20 

1-5 

8—1 

8-20 j 

8-30 

39 

Strips and fill 

10-20 

1-5 

8—1 

8-20 

8-30 

40 

Partitions and furring 

11-10 

1-20 

8—1 

8-20 ! 

8-30 

41 

Grounds and lath 

11-25 

2-5 

8-20 

9-10 1 

9-20 

42 

Plaster — plain 

12-10 

2-25 

8-20 

9-10 

[ 9-20 

4? 

Plaster — ornamental — caen — 

1-10 

2-25 

9-1 

9-20 

9-30 

44 

scag 

Marble walls — tile 

12-20 

3-5 

9-1 

9-20 

9-30 

45 

Marble floors — tile — mosaic — 

12-30 

3-15 





terrazzo 



8-10 

8-30 

9-10 

46 

Hardware — finish 

12-20 

2-20 

8-10 

8-30 

9-10 

47 

Trim^ — wood 

1-10 

3-25 

8-10 

8-30 

9-10 

48 

Trim — kalemein 

1-10 

3-25 

8-10 

8-30 

9-10 

49 

Paint — decorations 

2-1 

4-5 

8-10 

8-30 

9-10 

50 

Finish floor — wood — cement 

12-20 

3-5 

9-1 

9-20 

9-30 

51 

Paving — sidewalk— curb — bmt. 

floor — w.p. 

Revolving door 

2-20 

3-20 

9-1 

9-20 i 

9-30 

52 

3-1 

4-10 

8-10 

8-30 

9-10 

53 

Mail chute 

11-5 

3-10 




54 

Vault work — bank 



6-20 

7-10 

7-20 

55 

Sweeping — pn eumatic 

9-10 

2-25 

6-20 

7-10 

7-20 

1 56 

Sprinkler 

9-10 

1-20 

6-20 

7-10 

7-20 

i 57 

Ice plant 

9-10 

1-20 




58 

Laundry— kitchen 






59 

60 
61 

Engines — generators — motors 






62 

63 

64 

Finish building — schedule time 

6-1-28 

4-10-29 




65 

Finish building-contract time 


5-1-29 


1 





n . ... 
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l d. Specimen Time Schedule. — specimen time schedule as completed and used 
in actual practice is shown on p. 817. The dates shown in the two right-hand columns are those 
worked out first by methods just described; those in left-hand columns, the purpose of which 
has already been referred to, are then deduced from the starting dates. The accuracy with 
which they may be established depends almost wholly on the exact knowledge possessed by 
the compiler of modem shop practice and, to a lesser degree, on bis acquaintance with the local 
customs prevailing in the locaUty at which the different branches of the work are 

being fabricated. ^ i 

le. Graphic Time Schedule. — For the purpose of recording the actual progress 

attained by the job from week to week, the time schedule shown on p. 817 is often revamped in 
graphic form, with the major lines of work set down in the left-hand vertical column and the 
allotted time for each such trade extended across the sheet in heavy lines drawn to scale of 


THOMPSON STAKRETT COMPANY 

TIME SCHEDULE & PEOGRESS CHART:- BROOKLYN THEATRE B’LD’G WEEK ENDING THURSDAY 


Note: This chart for theatre 
portion only 



Chart No. 1. — Graphic time schedule. 


days or weeks. In such form, the import of the schedule is perhaps the more easily grasped, 
for not only does it indicate the starting and finishing dates but it also shows the number of 
trades which should be working concurrently and the percentage of each which should be 
completed at any particular time. These graphic schedules, if prepared in blueprint form from . 
original tracing and issued weekly, with the percentage of progress to date for each trade indi- 
cated on same by colored crayon or heavy full line, will be found of much value in promptly 
detecting impending trouble. On the date of issue a vertical red line or vertical dashed line is 
dropped from the proper position on the time-scale line, and the distance by which the hori- 
zontal colored or heavy full lines then fall short or overlap indicates at a glance which trades 
are trailing and the extent thereof. A specimen of such a graphic time schedule is shown 
above. 

If. Time Schedule as a Plan of Operation. — The time schedule after completion 
should be freely circulated among all interested departments. To the designing engineer or 
architect, it indicates the precise sequence and the latest date at which all information including 
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approvals must be available; to the contract department it indicates the latest dates on which 
subcontracts may be safely let; and it also supplies the starting and completion dates to be 
incorporated therein. It furnishes the purchasing department with exact information on which 
to base future deliveries of stock materials; to the expediting and trafl&c departments it is indis- 
pensable in following up the preparation, shipment, and delivery of fabricated materials from 
distant shops and factories; to the building superintendent it should be his daily guide and 
reference for the coordinating of all field activities. 

2. The Working Estimate. — Second only to the time schedule as a controlling feature is 
the “working estimate.” Some authorities will be found who give it preference on certain 
operations, believing that where time is not specifically mentioned as the essence of the contract, 
and strict economy only the end to be gained, a time schedule implying speed will have excessive 
costs attached thereto. A little thought, however, will dispel such a theory when it is recog- 
nized that a properly prepared time schedule does not make for speed at the expense of economy 
but rather holds its strength through its requirement for orderliness — ^in itself one of the funda- 
mentals of economics. Through its harmonizing influence, many a valuable day will be 
retrieved to the owner to become a revenue producer, and at a lesser cost to the operation as a 
whole than if the work was carried on without its beneficial guidance. 

2a. Basis of Working Estimate, — The working estimate may be based lipon 
data already secured through preliminary cost estimates of the work but is more generally 
the result of a careful re-check on all quantities, taken direct from the plans after the award 
of a contract. 

For those lines of work on which the builder’s own forces will be employed, the quantities of material or labor 
involved will be set down in conventional terms against which the selected price units will be applied and the whole 
extended into dollars and cents. This is carried out trade by trade, the greatest amount of detail being observed 
to ensure to the fullest extent the elimination of all possible errors, and holding those that might occur to the 
miniraum value. 

If it is deemed desirable to have a complete schedule equalhng the total allowance for the building operation, 
there will be added to the above figures the various suballowances for those lines of work which are to be purchased 
in their entirety, commonly called subletting. 

2b. Standard Manual for Cost Bata. — In order to standardize the work and 
ensure a more accurate and systematic collection of the cost data by field material and time 
clerks, it has become common practice for the builder to prepare a standard or manual, covering 
all possible subdivisions of work on which costs will be required, each branch and subdivision 
of same being indicated by a code letter or combination of letters and figures. The characters 
of this abbreviated index are then used to indicate disposition on all team tickets or other 
material receipts as well as subdivisions of time on daily time books, payrolls, etc. 

The working estimate can be of value only to the extent of the intelligence with which it is utilized. To 
check same against actual results obtained on an operation after the work in question has been installed and com- 
pleted can be productive of no value except possibly in relation to future work of similar character. To secure the 
full possibilities, some comprehensive system of cost recording is essential; data as to progress made, materials 
used, time involved, etc., should be collected daily by the field clerical forces with the results tabulated in weekly 
or semi-weekly reports. Where the volume of work in any particular line is large and fairly constant in its char- 
acter, weekly reports will probably fulfil every requirement, but where the volume is small or the conditions under 
which it is proceeding are constantly changing, the semi-weekly or even daily reports should be prepared. The 
comparison of these reports with the working estimate and the interpretation of the disclosures therefrom by the 
building superintendent, or whomsoever may be making the comparison, can be beneficial only to the extent of his 
thorough understanding of the factors with which he is dealing. He should never fail to realize that the working 
estimate treats of averages only and that to draw a true comparison, the particular parcel of work under scrutiny 
if greatly at variance from the average, should be modified correspondingly by proper allowances before judgment 
is rendered. 

A type of estimate more logical in its application, and at the same time slightly less difficult in preparation, is 
one in which the allowances are expressed in hours of labor rather than in terms of value. It recognizes the theory 
that the rate of wages applying to any particular locality is generally on a more or less established basis and beyond 
the province of the organization to change or alter. By limiting the unit of measure to the expected output per 
hour or day of laborer or mechanic, the field organization forces may be held accountable only for those factors over 
which they have admitted control. Another advantage lies in the far greater readiness with which such terms are 
accepted and made use of by foremen and other employees. An allowance of 80 brick per hour on a certain piece 
of masonry would be understood by all and is easily checked against by the simple operation of dividing the number 
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of brick laid during any selected period by the number of mason hours employed, whereas the same allowa,nce 
expressed in terms of $12 per thousand is to the average individual quite a complex problem to check against 
except to those who have had previous estimating or cost-preparing experience. 

3. Daily Reports and Diaries. — A third instrument essential to every building operation, 
but of lesser importance as a controlling feature, is the daily report or diary. This is prepared 
in the field and written up for each and every day, Sundays and holidays included. Each 
report should be numbered consecutively from start to finish of the operation so that the latest 
numbei will always indicate the duration of the job in days up to that point. Outside of certain 
essentials — such as weather conditions prevaiHng, the total number of employees, classified 
by trades, mention of any unusual mishap or accident, and the visitation of important person- 
a^g0g — the scope of the diary may be varied by the responsible head to suit the particular work 
engaged upon. The best results will be obtained if these reports are personally prepared by the 
superintendent in charge, the assurance being thus gained that he is actually in touch at all 
times with everv feature and detail of the operation. If, due to the scope of the work, this is 
found to be impracticable, he at least should sign the reports and see that they are transmitted to 
the main or home office at the end of each day. 

PREPARATION OF SITE 
By a. G. Moulton 

It can be assumed that certain essential information, locating the proposed structure both 
horizontally and vertically with relation to known references, will be clearly indicated on the 
plans and sections previously prepared by the designing engineer. Horizontal distances given 
in feet and inches between opposing lot or building lines, the angles formed at their intersection, 
and the elevation of the first floor with reference to existing grade or some assumed datum 
comprise the information commonly given. In addition to this, the structure as a whole will 
generally be tied up by a figured dimension or dimensions to some established line or point. 
This may be an adjoining building, a party line, a street intersection or simply a stake or hub, 
should the site be an isolated one. 

4. Location of Reference Points. — The first step by the field engineer should be to locate 
the reference points, consulting with such municipal departments as may be interested to 
inform himself as to the system of local grades and any existing ordinances that would call for 
formal permits, such as street obstructions, vault excavations, sidewalks, etc. Offset stakes 
or batter boards will be established for all corners or changes in direction of the building lines, 
care being exercised so to locate them that they will not be readily disturbed during the excava- 
tion period. One or more bench marks will be set up at convenient points against which all 
future building levels will be checked. The careful engineer will find time to rc-c.lieck at fre- 
quent intervals all batter boards and benches until foundation operations have reached a point 
where there is no further danger of ground movement or other disturbance, and he will in 
particular make a re-check of all lines and corners before permitting any masonry work of 
foundations to proceed. 

If the foundations are to project to some depth below the street or normal ground level or are in moving ground 
or apt to be of a hazardous nature, he will establish a series of benches on one or more piers of each of the adjacent 
buildings; also on all surrounding street curbs, street crowns, car tracks, or other points in the immediate vicinity 
that might be disturbed during the foundation construction. This disturbance or settlement may be expected 
through caving banks, yielding of street piling, borrowing of ground water, or running sand. Freedom against same 
can beat be assured by tight sheeting, properly braced and carried well in advance at all times of the excavation. 
Having established the aforementioned benches, periodic reading on same will be taken and a careful record of the 
results preserved. Unless startling conditions manifest themselves through cracks in the walls or pavements, 
weekly readings will probably be sufficient until such time as foundations have reached grade level, after which 
they may be discontinued. If the new structure is to be annexed to an existing building, with communication 
thereto at one or more levels, the engineer will take check readings on all floors of the old buildings to detect any 
departure of same from the assumed levels. If the information is not otherwise available, it will be well at this 
time to cross-section the site as then found, for the purpose of checking excavation quantities later on. 

6. Photographs. — An extremely valuable supplement to the engineer’s records can be 
obtained through the medium of photographs taken of the site before building opeiations are 
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started. Such photographs should be identified by name, number, and date scratched on the 
negative or, better still, by a transparent label pasted thereon. A series of such photographs 
taken at weekly or 10-day intervals throughout the entire construction period form an extremely 
instructive and invaluable record of the operations. If possible, photographs should be taken 
from the same viewpoints so as better to illustrate the progress during succeeding intervals. 

6. Removal of Pipes, Wires, etc. — Service pipes, hydrants, lamp posts, mail boxes, poles, 
and wires which encroach on the site should be noted, identified for ownership, and the owners 
notified to remove or properly protect same. 

7. Wrecking. — Before wrecking existing buildings, suitable precaution should be taken 
for protecting the public traffic and pedestrians. The size and location of the operation will 
determine the method to be adopted. A tight fence, 6 ft. high, at the curb line, turning the 
sidewalk traffic onto a temporary walk laid in the gutter, may be sufficient. In more populated 
districts, and where the operation is to be of some length, it may be required to erect a shelter 
shed over the sidewalk, permitting the pubhc to retain the use of the latter. Building ordi- 
nances of most municipalities cover this point, and they should be consulted to provide against 
possible violations. If sidewalk vaults are to be incorporated in the new building, the walk 
way can be elevated above the normal grade a sufficient distance to facilitate the passing of 
materials beneath and into the lot as excavation proceeds. By erecting the shelter in this man- 
ner, it can in many instances be retained to serve throughout the entire construction of the new 
building. The supporting sills will be carried on temporary wooden bents until retaining or 
street walls are up and permanent sidewalk beams are in place. 

The wrecking of frame structures presents no features requiring special preparations. Brick, steel, and con- 
crete, however, cannot be successfully handled without a well-studied program and more or less of an equipment 
plant, depending on the type of structure, ground area, and height. If more than three stories, brick and rubbish 
chutes will be found to be indispensable. Their erection should be such as to make easy delivery to wagons or trucks 
at the lower end. Except in cases of shallow buildings, the chutes should be located near the center of the build- 
ing, thus equalizing the wheeling or handling on the working floor above. Temporary planked driveways may be 
provided for bringing the trucks or wagons to the bottom of the chutes. 

7a. Disposal of Waste. — Driveways should be laid out so that traffic is con- 
tinuous in one direction. To accomplish this, enlarged openings may have to be provided 
through external walls of the ground story, with consequent shoring, but the effort will be 
worthwhile, for speed on a wrecking operation is almost wholly dependent on ability to move 
the resulting material and rubbish away from the site promptly. Rubbish chutes are com- 
monly built of 2 or 21^-in. plank, 30 to 36 in. square, erected vertically, in story lengths, with 
the splices directly above the successive floor lines. No bin is required, and control at outlet 
is secured through a floating false bottom, full area of the chute, attached to long wooden lever. 
Brick chutes are composed of open troughs 30 in. wide and with 12-in. sides set at an angle of 
45 deg. but reversed through each story to provide a zigzag path in the usual method. 

7&. General Equipment for Wrecking. — For lowering steel members, pipe, and 
other heavy pieces of equipment that may be encountered, a pole or light derrick may be found 
necessary on the working floor. Materials are lowered through a court way, if one is available, 
or, if not, a hatchway can be cleared through the various floor systems of sufficient size to pass 
the loads required. The acetylene torch wiU be found invaluable for dismembering the steel 
frame or for cutting down pipe lines, reinforcing rods, or any other metal obstructions which 
may be met with. For heavy brick walls and reinforced concrete structures, the skull-cracker, 
or heavy cast-iro<i ball, suspended over the part to be shattered by a derrick boom and released 
for a free fall by means of a trigger- attachment or magnet has proved of good economy. A 
2-ton weight and a drop of 10 or 12 ft. will break down all but the most obstinate resistance with 
a few blows. 

Wrecking operations are quite generally handled by specialists in that line, as they are the better equipped for 
disposing of the old materials than would be the ordinary builder. When sublet, it is customary to require the 
wrecker to remove exterior walls to grade lines and interior walls and footings to basement floor line. 

PILE DRIVING 
By H. E. Ptjlvbe 

8. Pile-driving Methods. — The most common method of driving piles is by steam power. 
Gasoline, kerosene, electric, and compressed-air engines are used to some extent. Compressed 
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air may be used instead of steam in some types of steam hammers, as the Arnott and McKiernan- 
Terry, for example. In some few instances, in out-of-way places, horsepower is still used to 
pull up the hammer. Hand tread mills or hand hoists may be used where labor is cheap. 
The last two methods are uneconomical and are seldom used when other power is available. 

9. Driver Leads,— The leads support the pulleys used to raise the hammer or piles and 
serve as a guide for the hammer. They should be about 7 ft. higher, for the smaller hammer, to 
about 15 ft. higher, for the large steam hammer, than the length of the piles to be driven. 
The leads are usually two parallel upright members held in position by bracing in the form of a 
tower. The whole thing rests on a frame of horizontal members, which also carries the hoisting 
engine. Hanging leads are sometimes suspended from derricks or cranes and used in driving 
piles in deep trenches or excavations having a large amount of internal bracing. The leads 
may be steel, wood, or a combination of steel and wood. Leads are commonly made of wood 
and lined with iron to reduce friction and wear. Steel leads are more subject to deformation, 
caused by a pile striking the leads, than are those made of wood. Steel leads are also liable 
to shake loose at the joints. The leads may be tipped a Httle for driving piles with a small 
batter, or false leads may be used for driving piles with a large batter. 

The leads, together with the bracing and engine, are placed on rollers or on a turntable 
which is placed on rollers. For water driving, the leads are mounted on a scow which is usually 
18 to 20 X 60 ft., and 4 ft. deep. Pile drivers mounted on cars are often used for railroad work. 

10. Steam Hammers.— There are two types of steam hammers, the single acting and the 
double acting. 

The single-acting hammer is raised by steam and then falls by gravity. The force of the 
blow depends on the weight of the hammer and the distance through which it is dropped. 
The ram weighs from about 550 lb,, for sheet piling, to 7500 lb. for heavy concrete piles. 
The heavy hammers are more frequently used for foundation work. The number of blows 
varies from 50 to 60 per minute depending on the steam pressure. 

In the double-acting hammer the steam raises the hammer and assists gravity on the down 
stroke. The hammer strikes from 100 to 120 blows per minute. . The weight of the ram is 
from 21 to 1250 lb. 

11. Drop Hammers, — Drop hammers are raised in the leads by means of a hoisting rope 
or steel cable and allowed to fall with the force of gravity. The weight of the hammer varies 
from about 500 lb. for short piles and sheet piling to 4000 lb. for large piles. The weight 
necessary depends on the length of the piles and the character of the soil. Most contractors 
have several different weights to select from. Hollow hammers are sometimes used, and the 
desired weight is obtained by loading with pig iron or junk. 

12. Jetting. — The use of jets is advantageous when piles are to be driven in sand, gravel, or 
soft-packed clay. The jet water, under pressure, loosens the material and carries it to the 
surface. The water also lubricates the surface of the pile. 

Two jets should be used if possible. When a single jet is used, it should be first used on 
one side and then on the other to keep the pile going straight. The jet pipes should not be 
fastened to the pile but kept moving up and down to extend the lubricated areas from below 
the point up to the ground and to keep inflowing soil clear of the sides of the pile. The jet is 
used in connection with some form of pile driver. Very little driving is necessary unless some 
hard material is encountered. 

The jet pipes should be 2K to 3 in. double-strength pipe, with a %4n. or 1-in. nozzle. 
All bends should be of long sweep in order to diminish pipe friction losses of pressure. The jet 
hose should be for 250-lb. pressure and be clamped onto long nipples with three clamps on either 
side of the joint. The form of nozzle is of importance and should be adapted to the materials 
to be penetrated. 

The pump and boiler capacity must be large enough to deliver the water at 176-lb. pressure 
for ordinary materials and about 250-lb. pressure for hard-packed material. A vertical pres- 
sure balancing tank between pump and jet pipe is of material assistance xn heavy jetting. 

The use of a single jet is often effective in sand or fine gravel, if it is first run down full 
depth where the pile is to be driven; and upon pulling out the jet, if then placed immediately, 
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the pile can often be driven full depth without further jetting. Care should be taken in placing 
jetted piles not to overjet the hole, so that sufficient resistance is encountered by the pile to 
develop its full bearing power. 

Jetting is particularly applicable to driving in packed sand and gravel. Sand and gravel 
offer a high resistance to a pile when driven with a hammer alone, often injuring the pile. 

13. Protection of Pile. — When piles are of good hard timber and are axed to a square point, 
they will drive in all but the hardest material or boulders, without metal points. But in very 
hard clay and coarse gravel with boulders, steel or cast-iron points are necessary to prevent 
brooming and to cut the way for the pile. The usual type of strap point is of very little use. 
as the pile will spread out around it in driving and often broom worse than when unprotected, 
The best form of point is a recessed circular cast-iron cone, with a rod cast in it to be driven 
into a slightly smaller hole cored into the tip end of the pile. ' This cast point, if made in the 
shape of a triangular pyramid, will cut its way into much harder materials than will the conical 
or any other common form of point. 

Wooden piles may be kept from brooming at the top during driving by a bonnet casting 
or else be ringed with iron rings of about % X 23^-in. size. Steam hammers may have a 
recessed base to go over the top of the pile, but for drop hammer a similar bonnet of cast steel 
to run in the leads can be provided. 

Overdriving of the piles should be guarded against, as it causes the piles to shatter beneath 
the ground. Such a pile is almost useless. When the hammer bounces or the pile kicks back 
it is an indication that the latter has struck something it is unable to penetrate. 

14. Followers. — follower is used when a pile is to be driven below the leads or below the 
ground or water surface. It is a short pile or a cylindrical casting of some type placed on 
the pile to transmit the force of the blow from the driver to the pile. The follower is held to 
the top of the pile by means of a recessed base or a band of iron and either fits in the base of the 
steam hammer or is provided with a cast bonnet to hold it in the leads. 

16. Driving Concrete Piles. — Concrete piles, after careful curing, should stand more 
punishment in driving than wooden piles, but the top of the pile must be protected against 
shattering by a special cushion cap. This cap may consist of a steel casting having a top recess 
to receive an oak or hardwood follower block; and a bottom recess to be packed with old hose 
and rope and lastly with oak blocks to come in contact with the concrete. When the rope or 
blocks become burned, through heat of driving or crushed solid, they must be renewed. 

A hole through the center of a concrete pile, as provision for jetting, is not so effective as 
jets used outside the pile. Where the material into which the piles are being driven is very 
firm or packed, jets should be used and as much shock on the pile eliminated as is possible. 

16. Splicing of Piles. — Splicing of piles is necessary when exceptionally long piles have to 
be used or when there is a lack of headroom for driving. The piles may be spliced by placing a 
metal sleeve over the joint or by fishplates bolted on the four sides of the pile. Lap joints are 
not satisfactory. 

17. Cutting Off Piles. — When wooden piles have been driven with a follower cap, they are 
seldom broomed up and, therefore, do not require cutting off to give a solid bearing on their 
tops. But when broomed up from ordinary driving they must be cut off square to solid tim- 
ber, or if they are not driven down to proper level they must be cut off to proper height. This 
can be done in the dry by ordinary two-man cross-cut saws, but when the cut-off is under water, 
they must be cut off by a diver or else by a circular saw working on a vertical shaft in the pile- 
driver leads. 

Wooden piles are usually cut off below ground-water level or below low water when the 
piles are driven in water and are capped with concrete. Alternate wetting and drying of the 
pile causes it to decay rapidly. 

Frequently, there are cases where old piles require removal by cutting them off, and 
this can be done by a diver or else by placing dynamite around them and firing it by a 
battery. 

18. Pulling Piles. — Steel sheet piles can easily be pulled with special pulling nippers into 
which the pile line is hooked. Holes may also be bored through the web of the piles at the top, 
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and a shackle bolted on. Reversing a double-acting steam hammer to strike upward, support- 
ing the whole from a derrick, is also done successfully. 

Wooden sheet piles or round piles are pulled by taking several turns around the top of a 
pile with a heavy dhain, or with a wire-rope sling, and hooking a set of double or triple wire- 
rope blocks into it. It may be necessary to keep hold of a pile for some time to overcome 
suction before it starts, but if it does not start readily, a blow or two from the pile hammer 
may loosen it. Jetting around piles is also of assistance in loosening them as they are being 
pulled upon. 

The use of levers and jacks for pulling piles in soft material is often effective; but for any 
large number, a power rig should be used. 


• EXCAVATING 

By A. G. Moulton 

Excavating, with the attendant grading, is necessary in every building enterprise. Gen- 
erally being the first branch of the work undertaken, it is often unconsciously called upon to 
bear many of the organization expenses that might be more correctly prorated against the 
succeeding trades. For that reason, a carefully studied program should be mapped out before 
starting work to be sure that proper methods are chosen and ^1 economies observed. 

19. Equipment for Excavating. — ^Local conditions vary so with each building operation 
that anything more than a brief description or reference to the proved methods and various 
types of equipment for excavating purposes would be useless in an article of this kind. 

In the ease of excavation for solid foundation walls and piers, where the work would be 
mainly pick and shovel, and the excavated material disposed of by wasting on the banks or 
transferred by wheelbarrows in the immediate vicinity; or in the case of basement excavation 
where the ground may be broken up by a plow and removed beyond the building lines by two 
horse scrapers or slips or directly loaded into wagons or trucks which have been driven into the 
excavated area; or even in the case of the larger excavations where the steam shovel becomes a 
possibility, there is not much danger of a mistake in choice as to method. It is in the deep 
basement work through varying conditions of soil that the opportunity for careful study of 
plant layout is encountered. 

20. Steam-shovel Excavating. — Where 1500 yd. or more are involved, and where the 
width of the lot will permit a full swing, it is generally conceded that, except in rock work, the 
small revolving steam shovel running on tractor equipment provides the most economical tool. 
On the first cut through, the wagons or trucks are loaded while standing on the grade. When 
the depth of the cut exceeds the limit of the shovel, it becomes necessary to introduce the bridge 
or inclined driveway to bring the trucks down to the floor of the cut. A booster engine set on 
the grade level to pull or ease the loads out will permit of a sharper incline. 

When the depth of cut reaches a point that will prohibit the further use of an incline, other features will have 
been introduced in the way of holding or shoring of banks with consequent restriction on working area such as to 
render unprofitable the further use of the shovel. If the basement is to go to still further depth, then hand work will 
be resorted to and the excavated materials carried to above street level and deposited in chutes or hoppers for easy 
transfer to trucks at that point. The elevation may be obtained either through small cars and barrows on platform 
hoists or in buckets operated by boom derricks. On such work, the use of the clamshell will not be practical, as 
the cross-lot bracing for supporting street banks would cause too much interference. 

21. Shoring, Sheeting, and Underpinning. — The holding or shoring of street banks and 
underpinning of adjoining structures often presents quite serious complications especially 
if the excavation is to be carried to some depth through treacherous soil. In such instances, the 
expedient is sometimes adopted of sinking a trench full depth, on the line or curb wall, in advance 
of the general excavation. This trench may be opened in sections if the entire frontage involved 
would be too great to handle safely in one operation. The trench will be sheeted tight or not, 
depending upon the character of the soil, and cross braced with struts and wedges. On heavy 
work, screws are introduced to make up for ground movement and settlement. Up to 15 ft. 
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in depth, the material from such a trench be benched out by hand. Beyond that depth, 
the excavated material should be passed up by mechanical means, such as buckets operated by 
hand winches or boom derricks. The trench having been completed, the wall is next con- 
structed, and upon acquiring normal strength the general excavation of the basement proceeds. 
Temporary supports to help resist the earth pressure must be given the wall from the inside as 
the ground is removed. This is generally obtained through batter braces, which are left in 
place until the building columns and permanent framing have been installed. 

21a. Sheet Piling and Shifting Soils. — Where ground conditions are good, 
such as in clay, or compact sand and gravel, the above method with its great amount of hand 
work would be too expensive. In such cases, the general excavation would be carried down 
the full area of the lot, and the banks left at sufficient slope to stand alone, or skeleton braced 
from the inside. In dry sand and running soil, a tight sheet piling will be required. This may 
be composed of vertical planks, square edged or matched as the case may require and driven 
through by hand or by small sheet hammers operating on steam or compressed air. When 
water is to be encountered, a system of steel interlocking sheet piling will possibly be chosen. 

Any type of sheet piling will require bracing to hold it in position, and the proper erection of this bracing, so as 
to permit the later carrying up of permanent walls, should receive due consideration. Instead of building them in, 
leaving a hole to be plugged later, it is generally preferable to strike the braces as the work goes up, replacing same 
on the inside of the wail. 

216. Protection of Adjacent Structures. — The holding and shoring of adjoining 
buildings generally presents so many elements of risk, that, unless it is a relatively simple 
operation, this branch of the work had better be entrusted to speciahsts in that line. 

Underpinning where the soil is unyielding can be carried out successfully and without great danger if due 
precaution is given to the number and length of the different sections which are to be worked on simultaneously. 
These should not be too close together and generally not in lengths over 6 or 8 ft., and the load of the structure 
should be brought to bear on the new work before opening up an adjoining section. This is accomplished by means 
of slim metal wedges inserted between specially prepared stone wedging blocks built into the underpinning and 
driven home after the masonry has taken a set. If the soil is particularly unyielding, the same results can be 
obtained by a wedge course of brick inserted by the mason as he tops off the underpinning work. When using the 
sectional method, little or no timbering will be required beyond an occasional spur brace to overcome tendency 
of the old wall to slip. If the old wall is in poor condition, or the soil under it inclined to be treacherous, needling 
of the wall had better be resorted to and the aid of a specialist secured. 

22. Rock Excavation. — Rock excavation is carried on by the aid of explosives, and in most 
communities not only is a licensed powder man required to do the shooting, but regulations 
are also provided covering the manner in which the dynamite may be handled and stored. On 
small work, hand drills are successfully used, but where the yardage to be removed is great, 
steam or air drills should be provided. The use of the explosive is to lift the rock slightly and 
break it up into sizes convenient for disposal. The number and size of the respective charges 
is dependent upon the surrounding conditions, and the supervision of this class of work should 
be entrusted only to those who are thoroughly familiar with its possibilities. After bemg 
shattered, the rock is loaded in skips or buckets and removed from the basement by a boom 
derrick or picked up by a steam shovel and deposited into trucks or ears. 

23. Open Caissons. — Caisson excavation may be carried on in the open or by means of 
locks and compressed air, the latter expedient being adopted only when excessive water condi- 
tions preclude the open method. 

For building footings, caissons are generally designed circular in form, varying from 4 to 
10 ft. in diameter and carried down either to bed rock, or stopped off and belled out on some 
convenient strata of hardpan. Under the former condition, depths of 100 ft. and upward are 
sometimes encountered. Excavation is done by hand or air spades, the excavated material 
being lifted to the surface by buckets suspended over the mouth of the well and raised and low- 
ered through the agency of a niggerhead, the mechanism receiving its power through a traction 
cable lead from a conveniently placed hoisting engine. Ten to fourteen wells comprise a setup 
and are commonly run from one engine. This provides a constant speed for all the niggerheads, 
and the individual operator at the head of each well on signal from below raises the filled buctet 
by taking two or three wraps of the hoisting line over the niggerhead. Another method growing 
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in favor is the use of individual niggerhead hoists with seif-contained electric motor. They are 
recognized as being safer in operation than the multiple-hoist arrangement and permit of greater 
elasticity of setups. Where electric power is available they are to^be preferred. The excava- 
tion is carried down to a depth of 5 ft. 4 in. and then lagged with 2^ or 3-in. matched lumber, the 
lagging being held in place by metal rings inserted two to each length of lagging. The rings are 
rolled out of flat bars and made up in two sections to the ring. After being brought to position, 
the two halves are bolted together at the ends and wedged tightly against the lagging. The 
excavation then proceeds for another stretch and repeats until the bottom has been reached. 

For open caisson digging in medium-soft ground and where boulders are not to be encoun- 
tered, there is now available a power-driven mechanism with cutter head adjustable for varying 
diameters of wells that is lowered on vertical shaft into position over a caisson, in which has been 
inserted a length of cyhndrical steel lagging. The cutter head loosens up the ground as it sinks 
into the earth permitting the steel lagging to follow along. Water if not normally present is 
introduced, and the cutter head removed. A bucket with bottom built on the plan of the old 
fl^PP®^ fQOt valve is then lowered and raised until the saturated soil within the lagging has been 
removed and the process of cutting is again resumed, new lengths of lagging being added at the 
top. Machines such as these, also others which are developed on the principle of the trenching 
machine, are often useful, particularly where labor is apt to be expensive or scarce. 

When working through wet ground, bailing may not be sufficient and pumps may be required. For this pur- 
pose, steam syphons or pulsometer pumps will be found most convenient. Sections of steel lagging may be required 
if the ground is very soft, but its use is not always attended with satisfaction. Continued pumping of a well 
with little or no headway shown is bad practice, and will lead to sure trouble on adjacent wells. When such condi- 
tions arise, pumping should be discontinued and every effort first exhausted to stop the inflow of water and sand by 
tightening up the lagging. An inner set of sufficient length driven ahead of the excavation may make it possible 
to pass the soft spot. This procedure, however, is at the expense of a reduced area on the caisson, and for that 
reason may not be permissible. The use of hay or straw for packing back of the wooden lagging will often over- 
come water difficulties which otherwise seem insurmountable. 

Electric lights and, in some cases, forced ventilation will be required for the workmen at the bottom of the 

wells. 

When wells are belled out, it is not customary to lag the last section but to immediately fill it with concrete 
as soon as it has been shaped up and cleaned out. 

The rings may be salvaged as the concreting is brought up, but the lagging is left in place. 

24. Compressed-air Caissons. — In ground conditions where water or quicksand would 
make open work impractical, compressed air is resorted to. In. this work caissons are carried 
down in the open as far as possible and then an air-lock is installed at the head of the well. 
Through this vestibule, which by the manipulation of valves is alternately under normal and 
then at an increased air pressure which varies with the requirements, all workmen and excava- 
ted material must pass. The air pressure in the working chamber is kept at a point just 
sufficient to exclude the incoming water and, to a workman accustomed to it, little or no inconven- 
ience will result. 

Experienced men only should be used on this class of work, and every precaution should be taken to see that 
the compressor plant and all other apparatus is in first-class working order. The use of naked lights should be 
prohibited, as combustion will be found much more rapid than when exposed under normal pressure. 

In the majority of cases, it will be found desirable to start caisson work from the normal ground level rather 
than to await the completion of basement excavation. The additional expense of hand over steam shovel labor for 
the yardage included in the caisson tops, will be more than compensated for by the saving in time to the building 
schedule and also the greater convenience in removing the caisson dirt from the premises. 


FOUNDATION WORK 
By A. G. Moulton 

The term foundation work is generally considered to cover the construction of all support- 
ing masonry including embedded steel up to that level known as grade. It may compris(‘ 
curb and area walls, retaining walls, isolated column footings, foundation girders, wall footings, 
elevator pits, machine foundations, etc. The difficulties attending upon foundation work 
will be found to increase almost directly proportionate with its depth. 



Sec. 6-25] 


CONSTRUCTION METHODS 


827 


In present day practice, concrete is almost universally used for foundations. On smaller 
buildings such, use may be restricted to footings only, with, the retaining or foundation walls 
themselves run up in brick or hollow tile* but on larger work, where greater strength is required 
to resist earth pressure, concrete, either plain or reinforced, will be the probable choice. The 
general excavation or grading having been completed and footing trenches and piers opened 
up, concreting of same should immediately follow. If the soil will stand unsupported, forms 
are not necessarily required for a footing course, and the excavation should be made to neat lines. 

26. Pumping of Excavations. — On all foundation work, pumping equipment of some kind 
should be provided so that trenches and pits can be pumped out before concreting is undertaken. 
The size and scope of the undertaking will determine the capacity and number of pumps 
required. These may be anything from the small hand opereted diaphragm pump up to the 
larger capacity centrifugal and triplex types electrically or steam driven. The diaphragm pump, 
mounted on skids or trucks and gasoline driven, wiU find its use on any foundation job. For the 
deeper pits, the steam syphon or the pulsometer type of pump will probably give the best 
results. A liberal boiler capacity should be provided, however, if they are chosen. If the lift 
to the sewer or surface is so great as to require pressure pumps, it wiU be found desirable to first 
gather the ground water in a sump pit or temporary basin by means of diaphragm pumps, so 
that the sand and grit may settle out before being lifted. 

It should be remembered that in open basements, particularly in clay where the surface water does not readily 
soak away, a 3-in. rain fall may tie up the entire operation for 48 hr. or longer. Under such conditions, a pumping 
plant of adequate capacity is always a good investment. 

26. Damage to Excavations by Rainfall and Surface Water. — Proper protection should be 
afforded against damage from surface water flowing into the excavation from neighboiing 
streets. At the height of a heavy rain storm, with the sewers taxed to their capacity, this may 
become a serious menace to the work, particularly if the street banks are sheet piled and the 
surface water finds entrance behind the sheeting. A small earth or sand dam thrown up on the 
street beforehand, parallel to the work, may prevent this damage. 

Precaution should be taken to see that old sewer stubs entering the site are solidly blocked up to resist a back 
flow, and that all street sewers and water mains that have been exposed are substantially shored or braced. 

27. Concreting Plant. — In choosing the proper type of concreting plant for any particular 
job, so many factors must enter into consideration that nothing but the most general suggestions 
would be of value here. Ordinarily, that type which is the most conservative on hand labor 
should be the adopted one. Mechanical concrete mixers are now obtainable in so many sizes 
and types that one will be found to meet any given condition of foundation work. As a result, 
hand mixed concrete is now seldom to be considered. 

For street and curb walls, the small two and one bag mixers that can be readily moved from 
place to place and the charge spouted direct into the forms, will probably be found the most 
economical unit. For column footings, where the individual yardage is not sufi&cient to warrant 
the progressive movement of the mixer, the 3^- or M-yd. mbcers and concrete buggies will 
provide the solution. 

For caisson work, where the yardage in each pier is considerable, a permanently established mixer serving 
through 1-yd. tilting cars on a narrow gage track, will give good satisfaction. Upon being dumped, the cars deliver 
their load into a portable receiving hopper suspended at the top of the well, and from there to the bottom through 
a flexible telescopic spout. This spout, approximately 10 in. in diameter, of light iron, is made up in sectional 
lengths of about 4 ft. each, the sections being removed from the bottom as the concrete rises in the well. 

The use of a tower with gravity chutes for light foundation work will not as a general rule work out econom- 
ically. If on the other hand, however, the character of the superstructure indicates the gravity system as being 
proper, its early installation and use on the foundations would be permissible. 

Generally speaking, when in doubt as to the capacity of the mixer required, select the smaller size. This leaves 
you in a position where with a steady run-off before you, you can speed up the number of batches to readily obtain 
the desired output, whereas with an interrupted flow, the idle forces back of the mixer will be at a minimum. With 
the larger mixer under such conditions all lost or idle time is correspondingly felt on the payroll. 

Availability of storage space and convenience of delivery for the dry materials are important determining fac- 
tors in the selection and location of the plant. It should be remembered that the opportunities are infinitely 
greater for wasting labor back of a mixer than in front of it. 
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In some localities there are cominercial mircing plants which will furnish ready-mixed concrete according to 
any specification. 

28 . Forms and Reinforcement for Foundations!— Form work and the placing of rein- 
forcement for foundation work does not, as a rule, present the problems that are present in 
superstmcture work. Piers and footing courses require only the simplest knowledge of form 
building, and the wall forms are the only ones that may call for a show in skillful design. The 
general subject of forms, their design and construction, is considered in Art. 39. 

29 . Waterproofing of Foundations and Basements.^' — Waterproofing of basements is so 
intimately connected with foundation work that it is well to consider it at this point. 

Various methods of waterproofing are in use, any one of which may be encountered by the 
huilden. There is the integral compound, either powder or liquid in form, which is introduced 
in the concrete at the time of mixing, and directions for the use of which are furnished by the 
manufacturer. Another method is the coating of the finished wall with special preparations, 
such as ironite or the hydrolithic compounds. These are usually applied to the interior face 
of the wall, permitting the work to he done at any convenient time. A third method is the 
coating of the exterior of the wall with coal tar pitch, or, preferably, asphalt, in which aie 
embedded two or more plies of roofing felt. Before applying any coating, the concrete surface 
must be clean and dry. 

Wiien conditions Tc<iuire a so-called pressure basement, a connecting strip of felt and asphalt is carried through 
all exterior walls as well as over all column footings at a level a few inches below the finished basement floor. After 
the walls are finished, the coating on the back of the walls is applied and connected to a lap provided on these hori- 
zontal strips and eventually it is also connected up to a sheet which extends under the entire basement floor. For 
basements which are under a constant head of water, this is one of the most successful methods, and if carried 
out with due care will provide ample and lasting protection. Particular care should be given that sufficient insula- 
tion is provided over the membrane where same extends beneath boiler settings. With the increasing use of oil 
burners and the extreme heat which they generate, special precaution only will preserve the waterproofing from 
destruction in such places. When it is impractical to provide sufficient space in which to apply the exterior coating 
on walls after they are in place, the felt and asphalt may be mopped on to a 4-in. brick or tile wall, which is run up 
in advance and against which the permanent wall is then installed. If this be of concrete construction, then the 
vertical felt course as well as all horizontal ones should be protected against damage by a safety course of cement 
mortar trowelled on. 

Pressure should be relieved until the last through some conveniently located sump pit at which time this place 
may be sealed; and if the waterproofing is skillfully applied the basement will be tight thereafter. 

STRUCTURAL STEEL WORK 
By a. G. Moulton 

Structural steel is utilized so frequently in the various phases of building construction that 
a general knowledge of its proper and economical handling is most essential. Aside from its 
use as sheet piling, and in superstructure work, steel is used to some extent in building opera- 
tions as grillage beams anH foundation girders which support the column bases or stools, which, 
in turn, carry the columns. In some designs the cast stools will be eliminated and rolled or 
cast steel billets substituted. 

30 . Setting Grillages. — Grillage is commonly used as two sets of steel beams on each foot- 
ing — one placed on top of the other, but reversed as to direction of length. The individual 
beams making up a set of grillage are tied together by means of bolts and pipe supporters, and 
wherever the assembled unit is not beyond the capacity of the field forces to handle, it will be 
found desirable to have the assembling done at the mill. 

The concrete of footings or piers where it receives the grillage should be left by the mason 2 or 3 in. below the 
final level so as to enable the more accurate setting of screeds. Should there be a division of responsibility between 
the mason and the steel erectors, the best results will be obtained by having the mason set the screeds. Those 
should be brought to exact level by engineers’ instruments and solidly grouted into place. Pieces of 1^-in. angle 
back up, or wooden strips about 1 X in., make satisfactory screeds. Grillage beams are adjusted for position 
laterally by means of lines stretched through, on column center points and projected down by the aid of small 
plumb bobs If an engineer’s transit is available, more exact work will be obtainable. An accurate set of gril- 
lage beams, which means the same for stools and columns, is well worth the effort to obtain. A tolerance of in., 
plus and minus, both in level and line is unsatisfactory practice. 

i For a more complete treatment, see Hool and Johnson’s “Concrete Engineers’ Handbook.” 
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As soon as beams have been set and checked by the engineer, they should be concreted in to guard against 
accidental shifting. On the top set, hand-hold clearance should be left to insert column bolts, if same are required. 

31 . Equipment for Erecting Steel Frame Buildings. — On steel frame buildings, the erec- 
tion equipment will be delivered and set up while the foundation work is being carried on. 
The selection as to type of derrick is governed by the size of the building site and the character 
of the work to be handled. If it is such as to give proper play to the revolving boom, then 
either a guy derrick, stiff leg, or the so-called Chicago boom, may be used. Where proper guy- 
ing can be obtained and on lots 40 ft. or more in width, the guy derrick will prove the most econom- 
ical. Where suitable anchorage is difiSicult to find, or where the guys themselves would be 
objectionable, as on narrow corner lots, the stiff leg derrick will probably be chosen. On narrow 
lots, with neighboring building on one or both, sides, of height equal or greater than the new 
building, then the Chicago boom may be used. This presupposes that the consent of the adjoin- 
ing owner for such use of his structure can be obtained. The expedient of setting the derrick 
on top of the adjoining building should be adopted only as a last resort. Greater initial cost, 
the discomfort of tenants through vibration and confusion of workmen going to and from the 
roof, the expense of keeping roof in water-tight condition during operation, and the permanent 
repairs later, will all go to more than offset any saving gained through not having to make 
additional moves in carrying the derrick up with the new work. 

32 . Locating Derricks for Erection. — Having chosen the type and number of derricks 
required, the exact location of mast centers should be duly determined. This should be such 
as will allow the greatest range of action over the building area, suitable consideration being 
given to the point from which loads of steel will be received, and sufficient length of boom 
reserved for that purpose. 

33 . Cycle of Erecting Operations with Derricks. — With the guy derrick, full revolution 
of the boom, or 360 deg,, is possible; with the stiff leg but 270 deg. can be reached with full 
swing; and with the Chicago boom but 180 deg. The greater range of the guy derrick makes 
it much to be preferred. For building work, booms from 75 to 90 ft. in length are used. A 
guy derrick with an 85-ft. boom will develop the greatest efficiency when serving an area of 
approximately 10,000 sq. ft. The tonnage involved in such area, will generally work out so as to 
provide a 4-day cycle between raises. When two or more derricks are engaged on the same 
operation, precision of raises must be observed — otherwise, confusion will result in the shipping, 
hauling, and unloading of steel at the building site. The expense of an idle derrick with full 
crew waiting for steel is such that any departure from the estimated schedule is promptly dis- 
closed through the daily cost statements. 

On a 4-day cycle, one day will be required in receiving the steel and elevating it to the working floor. Such 
columns as will not obstruct the play of the boom will be set between loads. The second day will be used in sorting 
out the various beams and girders and throwing them out on the working floor in the various panels to which they 
belong. When sorting steel, the boom should never swing without a load, and the active foreman will so arrange 
his work. Sorting hooks are used for handling individual beams and, as soon as a number of beams for the same 
panel have been found, a sling is thrown around them and they are delivered to the proper location. The third 
day, the erection of the two tiers above the working floor is made, and on the fourth day the derrick is closed in and 
raised to the new level, and planking laid for the next working floor. 

When working on shops, factory buildings, and other low structures where the tonnage is mainly in crane 
girders and roof trusses, one or more poles working abreast and moved back out of the w'ay of the advancing work, 
will be the method chosen. On such class of work, if the tonnage is suffleient and direct, and railroad connection 
is convenient, the locomotive crane will be found more economical than the poles. On heavier and higher struc- 
tures, such as train sheds, power houses, which exceed the working range of either poles or locomotive cranes, 
resort is then had to the traveler, with one or two booms mounted on same, as conditions may require. 

34 . Choice of Power for Derricks. — Wherever electric power is available, it is generally 
to be preferred over steam for the derrick hoists, particularly on high buildings, where to over- 
come the excessive drum size required to hojd the necessary length of cable otherwise required, 
the hoists are themselves raised to levels midway in the building. Greater cleanliness, the 
avoidance of the coal and ash problem, to say nothing of the time saved in not having to raise 
steam, are all in favor of the electric equipment. 

36 . Bolting and Plumbing of Superstructure. — As steel work is erected, it is loosely bolted 
by the connectors, except in those panels which carry the load of the derrick. These sections 
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should be bolted up 100%, and all tie-rods, if any, inserted and drawn to place before the der- 
ricks are raised. Before riveting is started, certain plumbing of columns may be required. 
Generally, this will be found in connection with the corners of the building and those columns 
adjacent to the elevator shafts. The great refinement which has entered into both shop 
detailing and fabrication of steel work during recent years, has made unnecessary, to a large 
extent, the plumbing heretofore required. Where plumbing is needed, it is accompKshed by 
means of diagonal cables strung in a vertical plane and tightened by means of turn-buckles 
or steamboat ratchets. As soon as the work is riveted, the plumbing guys can be removed. 

36, Riveting. — With good average workmanship on the part of the fabricating shop, it is 
possible to start driving on the floor panels as soon as the beams have been raised to position 
and by keeping one or more riveting gangs engaged above the working floor, or that where the 
derrick sets, they will have the top tier driven before the deck planking is raised to become 
the new working floor. The riveters then drop back and catch the intermediate tier, return- 
ing again on the third day to the new upper level and the cycle is repeated. This method is 
extremely valuable as a time saver, inasmuch as it permits the centering for the floor system 
to keep directly behind the derricks. 

37, Steelwork the Pacemaker. — Steelwork being one of the principal lines of work, should 
be made the pacemaker for the balance of the trades; therefore, it is doubly essential that a 
good, clean job, with all points caught up as it goes, should be given. With such an example, 
other trades are more apt to accept the invitation and follow along similar lines. On the other 
hand, if the job is not cleaned up as it goes, and the riveting or painting is allowed to drag, then 
the efiect will be immediate, the following trades will be strung out to unnecessary limits, and the 
progress of the whole building will suffer delay. 


FLOOR CONSTRUCTION 
By a. G. Moulton 

Uniformly progressive installation of the various floor systems in a building, whatever may 
be their type, is a healthful indication of the progress of the structure as a whole. The more 
even the rate at which floors are installed, and in steel frame buildings, the more closely their 
construction is kept up with that of the supporting steel or walls, the better will be that building’s 
progress- This, perhaps, will be more readily understood when it is considered that on build- 
ings of more than the one floor level each succeeding floor system as installed furnishes just 
that needed additional space on which to advance the trades in sequence, and provides an open- 
ing for the next and newest trade on the lower level. 

Ordinarily, the normal progress of trades up to the point of plastering is through the buikb 
ing from the bottom up. From that point on, in fireproof building of 8 stories and under, other 
conditions enter into consideration and it may be found advisable to start the finishing trades 
from the top and work downward. On buildings above 8 stories in height, where a normal 
schedule has been maintained, this change in direction can be made only at the expense of defi- 
nite delay in the final completion of the building. 

In view of the imporoance of the rate at which floors are constructed, it can be seen that 
every effort should be made to schedule the delivery of materials so that the floor installations 
may proceed uninterrupted at the predetermined pace. 

38, Centering for Floors. — In aU cases some type of centering or forms will be required, 
the selection and design of which are usually left to the discretion of the[^builder. Having reached 
a decision as to the type, consideration is then given as to the quantity of centering which 
should be provided in order to give uninterrupted service. Reference to the building schedule 
indicates the allotted time from finish to finish of the respective floor systems, while the type 
of system and the season of year in which the construction is proceeding determines the length 
of time that should elapse between the placing and stripping of a set of forms or centers. With 
these two factors known, the extent of centering required will easily be determined. 
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On steel frame buildings with short or semi-long span arch construction, the centering can be hung from above 
with considerable advantage, inasmuch as it leaves the story below unobstructed by shores or props. For the long- 
span arch the support from below provides the more feasible method. 

39. Forms for Concrete.^* — In the design of forms, centers, and other false work, careful 
consideration should be given to the probable methods of removal— that is, the design should 
be such that the forms can be taken down with a minimum of effort and with the least possible 
'lamage to the parts involved. This will be better realized when it is understood that over 
half the expense of concrete construction is made up in form costs plus the labor of removal. 
As a consequence, any labor economy of this nature that can be incorporated in the design will 
be found to multiply itself throughout the building, since the forms, through easy handling, 
are capable of being re-used. If satisfactory results are to be obtained, careful attention should 
be given to the kind and type of lumber to be employed, to the arrangement of joints at internal 
angles where one section abuts another, to the adjustment of supports and props so as to permit 
of early and partial stripping, to the application of form oil or other coating to the inside of forms 
before using, to the cure of that ever prevalent abuse of unnecessary nailing, and to the limited 
use of camber in girder and beam forms. On buildings of multiple stories, where forms are used 
on an average of three or four tunes, it can be safely assumed that, if the above precautions are 
taken to make possible such re-use, then ail the initial requirements as to stabihty and tightness 
will likewise have been covered. 

The knowledge and eacperience of the builder will generally enable him to select proper sizes of lumber and 
supports without resort to special calculations. If in doubt, however, reference can be had to the many tables which 
have been prepared on the subject, and which are available for all conditions usually to be met with, hlethods by 
which the concrete will be transferred to the forms should be considered, and sufficient bracing be provided to 
compensate for undue loads from that source. Horizontal members should be able to support the weight of con- 
crete and the construction load. Vertical members must resist a hydrostatic pressure of about 145 lb. for each 
vertical foot of height. 

On all types of concrete arches between steel beams, it is highly desirable to keep the runway plank and work- 
men off the centers or panels as much as possible. The location of runway plank should be determined in advance, 
and proper supports provided that will not interfere with reinforcement and other items entering into the 
construction. 

On all operations of importance — and it is hard to conceive any items of structural concrete which would not 
classify as such — a careful and well organized system of inspection should be provided that shall remain in force 
from the time the forms are started until their final removal from the building. Such service is a necessary part of 
the contractor’s organization, even though supplemented by the owner or designing engineer. Individual inspec- 
tors should be carefully instructed as to their respective duties, and a comprehensive system of daily reports installed 
to insure their adherence thereto. 

The quality of dry materials, the method of storage, the handling and proportioning of the materials, the erec- 
tion and thorough cleaning of forms before filling, the operation of pouring, the watching against possible settle- 
ments or distortions of forms during that period, the care of concrete surfaces while undergoing the setting process, 
as well as the proper length of time to intervene before stripping, are all matters of too vital importance to impose 
upon the unsupported judgment of the construction foreman. He, as a rule, is too engrossed with the question of 
speed and initial cost to make possible an appraisal of such items at their true value. 

39a. Lumber Forms, — Spruce and pine, either Norway or Southern, are the lum- 
bers most generally used for form work, partially seasoned wood being the best. Hemlock 
is not desirable for forms owing to its inability to weather while standing exposed. For aU 
surfaces where the concrete is to be later exx)osed, dressed lumber should be used. For flat 
surfaces, such as wall or floor panels, shiplap is preferable, although tongue-and-groove is satis- 
factory, and even square edge may be used if precaution is taken to provide suflSicient support- 
ing members to prevent buckling of the individual boards. For columns and girder bottoms, 
2-m. stock, and for floor panels and beam and girders sides, 1-in. stock may be used; while 
footings may take either 1-in. or 2-m. stock, dependiag upon local conditions. The use of 
uprights of 3 X 4 in. or 4 X 4 in., spaced from 3 to 6 ft. apart, is the usual practice. 

396. Finish of Forms. — All interior surfaces of forms should be dressed true to 
give good surfaces to the casting, free from joint and other marks. On exposed work, all 
sharp comers should be bevelled by inserting small triangular strips in the forms. After 
forms have been erected, ice and snow should not be allowed to collect therein, and, if so, 

1 For a complete treatment of ‘"Forms'* including their design, see Hool and Johnson's “Concrete Engineers’ 
Handbook,” pp. 93 to 137. 
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such accumulations should be removed before concrete is deposited. If forms are allowed 
to stand for any considerable period before filling, shrinkage cracks will have to be taken up 
and all supporting timbers and braces gone over and tightened bfore pouring is resumed. 

To give specially smooth surfaces and to prevent the production of grain in the concrete surface, as well as to 
permit easy removal of forms, the interior surfaces may be coated with soft soap, or with form oil, which is crude, 
or other heavy mineral oil. 

39c. Removal of Forms. — The elapsed time within which forms may be removed 
with safety, is not entirely a matter of individual .judgment. The normal process through 
which setting concrete passes is such that, with the standard proportions and mixes now uni- 
versally used, a minimum period is definitely established, below which the forms can not be 
disturbed without permaijent impairment of the work. This minimum, under most favorable 
weather conditions, can be assumed at 5 days for vertical compression members, such as col- 
umns and walls, and from 7 to 10 days for such other members as are subject to bending stresses. 
From this up to the maximum period, the elapsed time should increase in widening ratio, 
depending upon the departure from normal of the three following factors: (1) the consistency of 
the original mix; (2) the temperature encountered in the first 7 days; and (3) the atmospheric 
conditions in the same period, with particular reference as to its humidity. Short of freezing 
weather, the maximum period should not exceed 21 days. 

Before striking any set of centers, inspection of the work should be made, and its soundness determined by 
tapping with some heavy object, the resultant ring indicating the degree of hardness then obtaining. Care should 
be taken not to mistake frozen concrete for that which has set; and for this purpose the system of daily reports 
heretofore mentioned should be referred to. 

The successful removal of forms is an operation requiring considerable skill, and unless carefully watched will 
undoubtedly be responsible for many unsuspected drains upon the payroll, to say nothing of the lumber pile. 
The foreman or superintendent who will personally supervise the striking of a set of difficult forms will never there- 
after be caught with a poor design, or permit careless and faulty work in the erection. 

Forms for circular columns and for flaring column heads, are quite generally of steel. Steel forms for floor and 
wall forms are also coming into extended use. They are made sectionally and in extensionable units to provide 
easy handling and adaptability to varying constructions. Steel forms give a full, smooth finish to the concrete sur- 
face, and have a high salvage value. 

40. Bending and Placing Reinforcement.^* — Steel should be checked, assorted, and stored 
as soon as it is delivered at the site. It should be blocked up free from the ground, and should 
be stored in such a manner that those rods needed first may be easily reached. 

In localities where trade custom permits, the bending of reinforcement can quite often be 
done more economically at the mill than at the building site. Where this is not the case, suit- 
able equipment, in the way of bending machines, many varieties of which are now on the market, 
should be provided, and will be found a good investment, particularly if the tonnage is heavy 
and the bends are complicated. For light tonnage and simple bends, a very satisfactory 
makeshift can be devised on a home-made bench with the aid of dowels or pins adjustable in 
position to suit the varying templates, and a piece of pipe to act as lever in applying the neces- 
sary bending force. 

All ordinary bending is done cold. Only when working in sizes in. and over will heat be required, and then 
only to a low degree. The bending force should be applied gradually, as a jerk is liable to snap or break the bars, 
particularly in the high grade and reroUed steels. 

It will be found advisable to so arrange that all rods of the same sizie and shape are bent at one time, so as to 
avoid the resetting of templates. 

In the placing of reinforcement, the importance of a thorough supervision and inspection cannot be too greatly 
enlarged upon. Whether it be in the shape of rods, spirals, stirrups, fabric, or lath, the accurate placement and 
adjustment to position, so that it may not be displaced during subsequent operations, are details deserving of the 
closest attention. Not only is the safety of the work involved, but through the application of systematic principles, 
improved costs will likewise be found to result. For the proper spacing and support of reinforcement in the forms, 
many ingenious devices, such as chairs, clips, and spacers have been perfected and their use can often be recom- 
mended. 

Steel should be thoroughly cleaned before being placed in the forms, in order to obtain a positive adhesion of 
the concrete to the steel. A slight film of rod rust is not objectionable, but no rod should be set in place on which 
rust scales have formed. 

1 See also Sect. 6, .^rt. 13; for more complete treatment see Hool and Johnson’s, “Concrete Engineers’ Hand- 
book,” pp. 139 to 146. 
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The fabrication of beam and girder reinforcement into units before placing, similar to that followed for columns, 
will, in many instances, work out to advantage both in time and money. 

After reinforcement has been placed, and just before pouring, a thorough inspection should be made to deter- 
mine whether all metal required by the plans has been supplied, that the forms are clean, and that all inserts, 
hangers, pipes, and other auxiliaries are in their proper position. On combination arches, filler tile, if broken, should 
be replaced, and the tile which have been disturbed again brought into alignment. In extremely dry and hot 
weather, a drenching of forms with water just before the concrete is deposited, will prevent excessive absorption and 
consequent robbing of water from the concrete mix. 

41. Handling and Storage of Concrete Materials. — Satisfactory construction in concrete 
cannot be obtained if sKpshod methods are allowed to dominate the field practice. While 
the quality and selection of materials entering into the work are generally determined by the 
purchasing or contract departments, the burden of final responsibihty always rests with the 
field organization, who by the acceptance of inferior materials, may entirely defeat the promises 
of the most carefully prepared designs. Not only is the quality of the various materials to be 
watched, but the method of job handling and storage should be so worked out that no opportu- 
nity for their deterioration is permitted after dehvery and before actual use. 

In this respect, different operations require different treatment. On some, it may be quite 
sufficient to rely on daily dehveries of the stone, sand, and cement required. On others, where 
delivery facilities cannot be so well depended upon, a stock reserve will have to be provided. 
This may be either ground storage with planks beneath to prevent contamination from earth 
and other foreign matter, or it may take the shape of bins, should the storage involved be suffi- 
cient to warrant their construction. On large operations, where concreting is proceeding more 
or less continuously, the use of hoppers or bins becomes almost mandatory, and this is partic- 
ularly true where a direct rail delivery of materials is had to the job. For fiUing such bins- 
use is made of either the continuous bucket conveyor, skip buckets operated by a hoist cable, 
or the clam-shell type of grab bucket, the latter being the more flexible arrangement if the 
equipment is available and if also there is space within which to operate. If storage bins 
can be set up so as to feed direct to the mixer, a second handling and considerable labor will be 
saved. 

Remembering that the useful performance of cement is brought about through its chemical union with water 
during the mixing with other materials, it follows that storage of cement, whether in bags or bulk, should be in dry, 
air-tight storage rooms. Cement is avid for water at all times, and exposTire to dampness in any degree before use 
proportionately lessens its ability when called upon to give useful service. Cement may be delivered in bags, bar- 
rels, or bulk. The latter method has many advocates, and when its use is permitted, the greatly lessened labor cost 
of handling will usually compensate for any risks taken in shipment. Por bagged cement, gravity unloaders lead- 
ing from the^par or truck to the warehouse floor can be used to advantage. Individual shipments of cement should 
not be allowed to collect and remain for extended periods in job storage. Even at the expense of extra labor, if 
that be necessary, the older cement should be identified and worked up at frequent intervals. 

The important relation which exists between the value of the empty cement container and that commodity 
itself is quite often underestimated by even those who should be the most interested. With cloth sacks carrying 
a reclaim value of 15c. each, it can be seen that from 20 to 25 % of the initial cost per barrel is made up in this one 
item, and, as a consequence, any unaccounted for or damaged bags can produce a very marked effect on the cost 
units. One prolific source of loss comes through the original acceptance from the dealer of damaged or unsound 
bags, and a rigid inspection at time of delivery should be instituted to guard against such practice. Empty cement 
bags should be collected daily from each mixer, and suitably protected from the weather and against pilfering until 
they can be counted and bundled for return to the manufacturer. 

The informal use of bags by workmen for protective coverings, foot wear, aprons, tool bags, etc., should at all 
times be prohibited. 

Before building, each bag should be shaken in order to reclaim as much loose cement as possible. It has been 
estimated that the average waste per bag is ^ lb. from this source alone. Mechanical bag shakers have been 
devised for this purpose, and are being successfully used on many operations. 

42. Measurement of Materials. — In the proportioning and measurement of the several 
ingredients entering into concrete, recourse should first be had to the specifications. Here it 
may be found that the designing engineer has elected on the mix which he believes will most 
surely provide the unit strength on which his design has been based, and the conventional 1:2:4, 
1:3:5, etc., will be established for the guidance of the builder. In such cases it is essential that 
the workman and those in charge understand and can place the proper trade interpretation on 
such requirements. Ordinarily, a barrow of stone or sand for charging purposes is taken at 
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2 cu. ft., while the commercial bag of American cement is taken at 1 cu. ft, Canadian cement 
being packed in lighter packages, it is customary to assume one and one-ninth bags per cubic 
foot. Under such specifications the water content or volume of mixing water is not, as a rule, 
specifically stated but is left to the judgment of the inspector or foreman in charge. 

More recently, as the knowledge of “better concrete” has widened and the result of the 
intensive study being given to that subject by our universities and engineering institutes has 
become generally available, we find a growing tendency on the part of designing engineers to 
specify their concrete only in terms of strength. Such a move is decidedly in the right direc- 
tion and should be encouraged wherever large or important work is involved. The builder, 
being presumably in better acquaintanceship with the local material market, falls back on his 
newly acquired knowledge in the theories of water-cement ratio, fineness modulus, etc., and devel- 
ops that mix which is the most economical from the point of cost and with a certainty of perform- 
ance that is far more dependable than the old method of arbitrary volumetric mixes. Many 
treatises in simple and understandable language, explaining in detail the mode of procedure for 
producing from the materials available a concrete of predetermined strength, are now accessible 
to all. Perhaps those that will be found most useful are the American Concrete Institute 
Reports of its Committee C6. 

43. Mixing Concrete. — Mechanical mixers are now procurable in such sizes that any of 
the standard mixes can be run through at fuU batch capacity without resorting to split bags 
of cement. Water should be introduced only in measured quantities. Clean water only should 
be used, and having once found the quantity per batch required for the desired consistency, 
that amount only should be used for all subsequent batches that are formed from the same 
aggi'egate. 

A daily count of all batches turned out by any one mixer should be kept by the workman, against which can 
be checked its total consumption of cement. If followed up consistently this will aid in detecting any departure 
from the uniform mix. Mechanical mixers are now built in so many different sizes that one will be found suitable 
for even the smallest of operations. As a result, hand-mixed concrete in these days has almost entirely disappeared 
from building construction practice. 

For producting a predetermined-strength concrete, a somewhat more complicated mixing plant will be required, 
but the added expense of same will be found to be usually offset through the more economical use of cement which it 
permits. For jobs of sufficient volume a batch loader, through which the dry ingredients are automatically weighed 
into the mixer drum, will be found almost indispensible. The use of the sand inundater for preserving a constant 
moisture content is also a helpful adjunct as is also the water-measuring device. The latter should be positive in its 
control but at the same time easily variable in its adjustment. 

To produce expected results it will be found desirable to reinforce the usual field organization with an inspector 
or engineer who will be given complete jurisdiction over the mix as well as over the materials of which it is composed, 
until it is discharged from the mixer. Such an inspector will sample his sand and stone daily, and maybe oftener, 
to determine its cleanliness, fineness, and moisture content. He will make frequent slump tests of the concrete 
as it leaves the mixer to check against his control behind the mixer. He will also prepare the cylinders from each 
day’s run for laboratory tests 28 days later. 

It is impossible to state, in general terms, the minimum yardage that would warrant the installation of a plant 
of this type together with its technical control. It can be said, however, that a contractor once acquainted with its 
possibilities, and having equipped himself with the necessary accessories, will be found using it in preference to old- 
•time methods on smaller and smaller jobs. Eventually, it can be assumed that it will be the only acceptable 
method. 

44. Transporting Concrete. — The safe and economical transportation of concrete from the 
mixer to the forms is a subject always to be accorded the most careful consideration — ^not that 
the proved methods are innumerable, or in themselves greatly at variance, but so that the par- 
ticular concrete operation under study is viewed in the proper relation which it bears to the 
structure as a whole. If it dominates, then the mixing plant and transportation system will 
be given the first consideration and aU other facilities are made subordinate thereto. On the 
other hand, if this particular placement of concrete is not the controlhng trade, then that 
arrangement will be chosen which best lends itself to the general scheme of material trans- 
portation^ all trades being considered. 

Some elementary principles upon which the ideal transportation system should be based, have been summed 
up briefly by one eminent authority as follows: (1) that the time interval elapsed between reception of concrete and 
its delivery to forms will not cause it to dry, or to take initial set; (2) that the system shall be tight, so that the more 
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fluid portions may not be lost in transit; (3) that the mode of transit shall not permit a separation of ingredients; 
(4) that the delivery shall be approximately continuous, so that mixtures of varying composition may not be caused 
by stoppage %,nd setthng; (5) that it shall be efficient, rapid, and economical. In this summary, the order of 
importance is such as to emphasize quality of product delivered, as well as cheapness. With the foregoing in mind, 
the proper selection of the system, be it hand propulsion, vertical hoist, gravity, or a combination of the three, 
must be left to that individual best conversant with tJhe situation, and responsible for results. 

46. Placing of Concrete. — Hardly less important than the transportation of concrete is its 
placement in the forms. The placement should be such as not to permit the separation of the 
concrete into its component parts, as would occur if it were deposited continuously in one spot. 
Beams and slabs should be filled to the top in one continuous operation. When interruption 
to the work occurs, such as the end of the day’s shift, stoppage should be made only at prede- 
termined points where the security and safety of the work will not be affected. The general 
practice on floor slabs and beams is to make this at the center of the span with the stopping 
plane perpendicular and at right angles to same. Columns should be poured complete to the 
bottom of beams or girders in one operation, and then allowed to set before proceeding with the 
floor construction. When new concrete is deposited on old, special precaution must be taken 
to secure proper union. 

While filling forms with concrete, too much attention cannot be given to the spading required if good work- 
manship is to be obtained. This action not only carries the heavier materials away from the face of the forms and 
so produces a denser and smoother surface, but it also eliminates to a large degree the air bubbles which otherwise 
form and if not removed account in part for porous work. The tapping of forms on the outside while concrete is 
being deposited is likewise beneficial in producing stronger work. 

Concrete drippings from the runways, as well as any other material that has taken on the initial set, must not 
be mixed with the good, but should be rejected and removed from the building. At the close of a day’s work, all 
mixers, buckets, spouts, buggies, runways, etc., should be thoroughly cleaned and flushed out with clean water. 
Particular attention should be given to mixers, and all accumulations of drippings removed while yet in a plastic 
state. 


46a. Bonding New Concrete to Old. — True union between new and old concrete 
is difficult to secure. This difficulty increases as the water content of concrete is increased, 
both by tending to produce a fibn or layer of fluffy laitance at the top of the concrete first poured 
and also by diluting the cementing solutions in the new concrete, which solutions furnish the 
attaching or bonding means by contacting with and entering into the old or set material. 

Customary recommendations are: (1) To roughen the old surface, (2) to tnoroughly wet it, and (3) to coat it 
with a paste of neat cement, well rubbed in, before pouring the new concrete. These have a sound basis, except: 
(1) that the depth of the roughening or removing old material should be so specified as to give assurance that clean, 
.sound material, without dirt or laitance will be exposed; and (2) that the surface should be dry, not wet at the time 
the cement wash is applied, as wetting fills the pores in the set material witn a fluid unchanged by cementing prod- 
ucts and makes weak the cementing solutions directly at the plane of contact where they should be strongest for 
the result desired. 

46. Finishing Concrete Surfaces. — Exposed surfaces of concrete require different treat- 
ments according: (1) to the excellence of their materials and workmanship, and (2) to their 
exposure and the character of their service. 

The first of these is, as always, of chief importance. Thoroughly first-grade concrete, well 
placed and true to line, needs little or no finishing after it has set, except where architectural 
reasons require some special finish, such as, a matt, bush hammered, re-cut, or exposed aggregate 
finish. Inferior or careless work, on the other hand, necessitates long and arduous labor to 
make it presentable and useful. 

46a. Removing Form Marks. — Careless building or bracing of forms always 
leaves a multitude of fins, edges, and blemishes. Fins may be readily removed by hand labor 
with hammer and chisel. Edges may be removed in like manner, but only with patient and 
careful labor. Blemishes, such as wood-graining, etc., can either be ground off, or can be 
effectively concealed by brushing with a wash of neat cement in water. Blemishes left by 
cutting off tie wire may be concealed by painting carefully with cement mortar before the 
cement wash is applied. 

466. Repairing Surface Honeycomb. — Honeycomb is commonly viewed with 
lenience, but it is one of the surest evidences of poor workmanship in placing concrete. Accord- 
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ing to its location and the character of materials used in the concrete, it may or may not indicate 
a serious weakness. If strength is not impaired by its extent and presence, it may be concealed 
more or less permanently by painting or plastering over with cement-sand mortar, with a final 
cement wash to blend it into adjacent material. Such methods are, however, apologies at 
best. Honeycomb should properly be cut out and replaced with sound concrete. 

46c. Grinding Concrete Surfaces. — When concrete is moist and green, it is 
treated more easily than when dry and hard. Grinding of green surfaces may be readily done 
either by hand labor, using carborundum bricks, or by electric machines marketed for these 
purposes. Grinding makes a very effective finish where the cost is not prohibitive. 

46^^. Grinding Concrete Floor Surfaces. — Where ^'dusting/’ or other surface 
defects are found in concrete floors, grinding off from Ke to in. is the surest and most effective 
remedial means. The dusting of concrete floors is usually caused by the use of excess water 
in the making of the concrete, or else by excessive ramming or floating. Removal of the loose- 
textured surface in such cases is necessary for lasting relief. Grinding machines, usually 
electrically driven, perform the work quite efficiently, though the process is tedious at best. 
Temporary relief may be had from chemical ''hardeners” marketed under various trade names. 

46e. Special Surface Finishes. — Tool-cut surfaces may be obtained in the usual 
way where cost is not prohibitive. Stippled surfaces, or exposed-aggregate surfaces may be 
obtained by wire-brushing the concrete when green, or by acid washes, or by both. The effects 
obtained can be greatly varied by the selection of various colors of aggregates and the means of 
treatment adopted.^ 

47. Concreting in Hot and Cold Weather. — During hot weather, excessive evaporation is 
liable to dry out the concrete before the cement has had a chance to set. The usual procedure 
under such conditions is to keep the work moistened and protected against the direct rays of the 
sun by a covering of some sort, such as sawdust or canvas. 

In cold weather, even before the actual freezing point has been reached, it is customary to 
take special precautions. The day’s work should not be started until there are indications that 
there will not be a sudden or decided drop in temperature, and the work should be suspended 
sufficiently early in the day to permit of proper protection from the cold nights and possible 
frost. This can be obtained by spreading out a coating of straw, canvas, or even sand and cin- 
ders, if they are being used on the work. When work has to be carried on below the freezing 
point, and 20 deg. is about the limit, artificial heat will have to be supplied by means of coke or 
coal fires in salamanders, the heat thus produced being confined within the building by a liberal 
use of canvas, or other protection around the exterior at the level at which the work is being 
carried on. 

WTien working under extreme conditions of this nature, the preheating of water and aggregate will be found 
necessary in order that the concrete shall not freeze before it reaches the forms. Steam coils or live steam is the 
usual method of providing the heated water. Sand and stone if received at the job in a frozen condition, must be 
thawed out before being placed in the mixer. A wood fire within a metal drum or old section of smoke stack, and 
around which are piled the frozen lumps, is perhaps the most satisfactory method. Steam jets are helpful in work- 
ing out frozen car loads or piles of sand and stone. 

48. Floor Arch Systems, — Most floor arch systems are called upon to provide concealment 
for horizontal pipe runs, conduits, etc. In concrete construction these pipes are often embed- 
ded in the arch itself. In tile construction, they must be run in a fill, generally of cinder concrete 
laid on top of the arch for that purpose. If the former system is being used, then the electrician, 
plumber, and any other pipe trade, whose lines may be involved, should be on the building 
with materials and full inforniation, so as to install his work directly the centers have been 
erected- If the second method is being used, then the lines will not be required and should 
not be laid until means are provided to protect them with the concrete fill. On concrete arches 
where the upper surface provides also the floor finish, it is customary to complete the trowel 
or float finish at the time the arches are poured. When the cinder fiR intervenes, the finish 
being cement or hard wood or strips, the arch only is instaUed at this time, leaving the balance 
of the work to be followed up by succeeding trades and at a later date. 

1 See “Concrete Engineers" Handbook’* by Hool and Johnson for detailed treatment. 
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In the bar joist system, generally used in connection with steel-frame structures, which is 
finding increasing favor in several sections of the country, no centers are required. The rein- 
forcing mesh which is stretched across the top of and clipped to the individual joists is of sufficient 
density to prevent excessive leakage through of the concrete which forms the slab and which is 
deposited directly on the top of the mesh or hj'rib. The joists are attached to the supporting 
girders by hangers, the actual connection being accomplished most readily by spot welding. 
Owing to the light thickness of the slab used in this system, generally 2 in., it may be found that 
all of the pipes and conduits cannot be embedded therein, and certain of them will have to be 
run beneath the slab. If the beam joists are of the open type of web, no difficulty is encoun- 
tered. If, however, the solid-type web is used, clearance for pipe lines must be provided, and 
this is accomplished by coping the joist ends on a bevel down and away from the top flange and 
the supporting girders. By keeping all pipes and conduits in the slab or within the depth of 
the joists themselves, the ceiling lath for the story below may be clipped direct to the lower 
flanges of the joists. 

Whether this floor fill should be placed before or after the ceilings are plastered, is dependent upon individual 
conditions. If the work is being done in winter weather, it is preferable to lay the floor fill first, thus obviating any 
possible damage to plaster ceilings below through dampness and freezing. In summer work this element is not 
present and if due precaution is taken not to permit the tamping of the fill into place to break the plaster bond 
below, then the plastering should be completed first. 

Another consideration which sometimes holds the determining value, if viewed from the standpoint of econ- 
omy, lies in the size of the various rooms in which the floor is to be divided. If the spaces are small and badly cut 
up, then it will be found much cheaper to lay the fill and finish as a loft floor holding back the dividing partitions 
and plastering for the next operation. 

In the construction of floor systems each level should be completed in itself as far as possible before proceeding 
to the next, only such open spaces being left behind as are absolutely unavoidable. If the lower stories are to be 
devoted to construction driveways and to temporary storage of materials, the arches should be first installed and 
then planked for protection. It is not advisable to plank first and depend upon getting the arches in at a later and 
more convenient date. That time will never come and will only result in throwing the entire building out of 
sequence and step. The same holds true as -well for upper levels. 

Floor finishes of wood, cork, rubber, linoleum, etc., should never be laid until all danger of dampness from 
plaster or floor has been eliminated. A small piece of roofing felt or building paper laid upon the floor fill and 
sealed against the action of the air with a non-absorbent material will upon inspection a few' days later disclose 
the amount of dampness then prevalent m the building. This is a simple test and should be made use of before 
proceeding to install expensive floor finishes. 

CONSTRUCTION IN WOOD 

By Heistry D. Dewell 

Many of the features of the contractor’s plant for the construction of a timber-framed 
building will be the same as for the erection of a building with steel or reinforced concrete 
frame. For example, it should be obvious that in all construction jobs there should be an 
orderly arrangement of plant with proper facilities for receiving, checking, and storing material, 
also for delivering the malierial from the general storage yard to the various points of fabrication. 
The detail method for accomplishing this work will depend largely upon the size and character 
of the building. Further, it is hardly necessary to state that some simple method should be 
put in force for keeping the cost of the various parts of the work. These remarks may appear 
to be commonplace. Unfortunately, there is a tendency, when dealing in timber construction, 
to be careless- in both arrangement and character of work. 

49, Storage of Materied. — In the case of a concrete building, since the lumber for forms 
is only used temporarily, no particular provision for preventing incipient decay or rot need 
ordinarily be taken. On the other hand, for permanent timber construction, all lumber when 
received on the job, should be immediately protected from the weather and also from contact 
with the ground. Timber when in contact with the ground may soon become infected, with 
the result that disease will start and may continue after incorporation of the timber with the 
building, if conditions are favorable to growth of fungi. 

AH lumber should be segregated into the various sizes and lengths, and carefully piled on firm level foundations 
•with supports at intervals not exceeding 4 ft. If unseasoned, the lumber should be “stuck,” ite,, the pieces in ary 
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one layer separated by a 1- or 2-in. air space, and each layer separated from the upper and lower layers by means of 
1-in. cleats. In “sticking,” care must be exercised to see that the “sticks” or cleats are placed directly over the 
foundation sills throughout the pile; otherwise, the timbers will be warped. Finally, a temporary roof should be 
constructed over each pile, the roof projecting a foot or two over the sides and ends of the pile. The best lumber 
can easily be ruined by careless piling and exposure to sun and rain, and any warping results in increased cost of 
framing. 

All iron work, such as truss rods, castings, washers, plates, etc., should be arranged in neat piles and plainly 
labelled. Bolts should be segregated into the various diameters and lengths and placed in a bolt rack, with each 
siae and length numbered. 

60. Working Details. — Working or field details should be provided for all timber construc- 
tion. This statement applies particularly to those buildings involving roof truss construction. 
Very few plans for timber-framed buildings give full and sufficient details of all connections. 
This practice results, in part at least, from the common procedure in the preparation of plans 
for steel-framed buildings, where the designer prepares only contract plans and relies upon 
the contractor to furnish “shop details” for approval. When such a designer has a timber- 
framed building, he works along the same lines, preparing, as usual, the “contract plans,” 
and the “shop details,” if any, are comprised in the contractor’s drawings of the incidental 
steel work. 

Time and money will be saved in all timber-framed construction, except the very smallest and simplest, if full 
working details are prepared. These details should include an erection plan, details of all joints, cutting lengths 
of all timbers, details of all metal work, lengths and diameters of rods and bolts, etc. Letters and numbers should 
be placed on the plans for all members, and a complete detailed list of materials made with the letters and numbers 
repeated from the plans. The different materials m the storage yard should then be designated with the same 
markings, so that a workman can instantly find any piece of material shown on the plans. 

61. Methods of Construction. — Two methods of construction may be mentioned: (1) 
fabricating all material before erection is started, and (2) erecting material as fast as it is fabri- 
cated. The second method is preferable as it enables the contractor to realize on his work at 
the earliest possible moment. 

In any event, the first floor should be constructed as soon as possible, with the rough floor 
in place, in order that all trusses, posts, etc. may be laid out and fabricated on the floor. A 
smooth, level floor is preferable for such purpose to any fabricating platform that can be 
constructed. 

The center lines or outside lines of trusses should be laid out on the floor to actual sizes. Sometime tem- 
plates of all timber members are constructed and the actual members cut directly from these patterns. In other 
cases, no templates are made, but the members are cut from the figured dimensions or the dimensions scaled from 
the full size layout. The template method is to be recommended. It may seem an unnecessary expense, but 
wiU avoid many mistakes of cutting members too short, cutting daps at the wrong places, etc. 

In laying out a truss, the outside lines of timbers should be used as working lines, and all dimensions figured 
from them. For, example, given a lower truss chord 12 in. deep, with diagonals framing into the upper side to 
various depths, as ^ in., 1 in., etc. Instead of measuring such cuts from the upper side, the measurements should 
be made from tne lower side. This will take care of all variations in width of the timber chord and will enable 
all similar diagonals to be cut to the same length. 

52. Camber in Trusses. — Most specifications for timber trusses call for camber to be 
given to the trusses. This camber is usually specified in terms of camber per linear foot of 
truss, as in. for every 10 ft. of span. Camber in ordinary roof trusses is usually introduced 
by springing the chords on the fabricating platform to approximate arcs of circles and cutting 
the diagonals to fit. In other instances, especially in small trusses, the trusses are framed with 
straight chords, and joints left somewhat loose, and the whole truss then given an approximate 
camber by tightenmg the rods. Such a method, it is obvious, does not give a real camber to 
the truss, and if the truss, after erection, retains any of this so-called camber, it is due solely to 
the restraining action of the posts or walls. If true camber is to be introduced in a truss, the 
members must be cut accordingly, and all joints made tight before erection of the truss, 

63. Equipment. — The question of amount of machinery and tools can only be determined 
by the character and size of the job. In general, it will always pay to provide sufficient tools, 
and power machinery will save much labor. However, more than one job has been a loss on 
account of too great an investment in plant. 
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When there is much boring to be done, power drills should be installed. These are of two kinds, electric and 
air drills. Of the two, the latter are the more satisfactory, but in many jobs the contractor will hesitate to install 
the necessary air-compressor plant. Electric drills are preferable to hand boring, but are heavy and somewhat 
cumbersome. Many of them operate on but one speed and do not reverse. With such drills, difficulty will be 
experienced in driving long holes, since the drill wdll tend to stick, and the drill must be constantly and expertly 
fed into the hole. 

A small cross-cut and ripping saw may well be installed on jobs of some size, especially where there is much 
duplication of typical members. 

54. Erection. — Hand power is the most expensive that can be used for erection. In build- 
ings involving truss work, some form of traveller or derrick should be installed, even if only 
operated b.y a hand winch. It is hardly necessary to state that the work should be so arranged 
that once erection has started it can be carried on continuously. All fabrication of members 
should be done as completely as is possible on the ground, leaving the least amount of work to 
be done after hoisting. 


STONE WORK 
By a. G- Moulton 

The term masonry as referred to building construction, generally implies stone or brick 
work only, and is quite distinctive from cement work, fireproofing, plaster, or marble, each of 
which is treated under separate specifications despite their requirement of the trowel as a com- 
mon tool. 

66. Use of Building Stones and Stone Masonry. — The use of stone masonry for foundation 
walls and piers below grade is now seldom met with, the more economical material — concrete — 
having displaced it with the rapid building up of our cement industry. Above-grade stone is 
now used largely for ornamental purposes. Beginning with the field stones and boulders used 
in garden wall and residence work, and carrying through to the higher ornamental and carved 
marble employed in our more ornamental buildings, all kinds of quahty of stone masonry will 
be encountered by the builder. The limestones, sandstones, and granites, however, are those 
most commonly used for exterior facings. 

In localities convenient to the quarries, it is not uncommon in wall bearing structures to run up the entire thick- 
ness of the wall in stone, bedding furring strips at proper intervals for cross-furring and lath to be applied later on 
the inside face. If the stone is not a local product and freight enters into the cost, then it is more usual to reduce 
its thickness to that minimum required for its use as a veneer, and to bring up the wall to its full structural strength 
and thickness by a backing of brick work or other product of the kiln. For use on skeleton constructed buildings, 
where minimum construction weights are such a determining factor, its use as a veneer is the only one practicable. 

66. Preventing Stains on Stone Work. — When cement mortar is used as a bedding, extreme 
care should be taken to select only such materials as will insure freedom from stain working out 
and disfiguring the face. Many so-called nonstaining cements are now on the market and are 
used for this purpose. The use of dirty sand may be as fuUy disastrous as a poor selection of 
cement and should be guarded against. Other protections against stain on the face are obtained 
through back painting with an asphaltum paint, or by plastering with a trowel coat of nonstain- 
ing cement mortar after the stone has been set and before backing up. Either or both of these 
methods is particularly essential if the backing is carried up in common cement mortar. Lime- 
stones are the easiest to stain, and when working with them, the most careful supervision should 
be accorded if good results are to be obtained. The Indiana Limestone Association specifies the 
use of a nonstaining cement and does not permit back painting of the limestone. 

67. Betting Stone Work. — The equipment for setting stone work varies with the type of 
building and the quantity of work involved. For rubble walls, either random or course, ho 
particular equipment or plant will be required except for scaffolding to keep the mason abreast 
with his work, and stone barrows for delivering the stone within reach. An “A^' frame for 
handling large sills or lintels may be useful. For course work where the size of the individual 
pieces exceeds the capacity of the mason and his helper to handle individually, the A” derrick 
with hand winch or drum is usually resorted to for aU walls not exceeding three stories in height. 
When supplied with a good firm run plank, it is rapidly shifted from point to point and but two 
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back guys are required, composed of one continuous piece of line running through three single 
sheave blocks, the two outer ones of which are attached to the head of the derrick, the center 
riding in the bight of the line, and will be attached to some convenient point at the foot of 
the derrick by means of a small watch tackle. The two outer ends of the line forming the guys 
are attached to suitable anchorage, a suitable suflGicient distance back from the foot of the derrick 
to overcome any tendency to kick, and sufficient spread to avoid constant changing as the 
derrick is moved along the face of the work. By manipulating the watch tackle, one man at the 
foot of the derrick can control its action at all times. 

68. Handling Stone. — Stones are picked up by the ‘‘Lewis” anchor or, where the “Lewis” 
holes would be objectionable such as in sills, by means of stone dogs and tongs. One mason and 
three riggers constitute the usual crew for such a derrick. Special dowel and anchor holes for 
inserting metal ties to bind in with the backing are generally cut in the field, and for this purpose 
one or more cutters will be required on a job of any size. They will also be required for fitting 
and back checking to overcome unusual conditions impossible to foresee at times of detailing. 
For high buildings, exceeding three stories, boom derricks are usually depended upon. On 
skeleton construction, the Chicago type of boom is used and a sufficient number installed 
to swing the entire frontage that is to be set. They should be hung as high up on the steel 
work as possible without getting in the way of the steel erectors, thus minimizing the number 
of jumps required to complete the entire front. To await the final completion of steel work 
and then set derricks on the roof, injects needless delay in the building’s construction, and 
should not be considered. The power applied may be mechanical — supplied by steam or electric 
hoists — or it may be manual, obtained through the air of hand winches or windlasses set on the 
floor at the level of the derrick. For most work, the mechanical power is more desirable. 

For wall bearing structures exceeding in height the range of the “A" type derrick, recourse is had to boom 
derricks set on platforms elevated by means of suitable towers. Such derricks will generally be set within the build- 
ing lines and will be used in common by other trades whose work is dependent upon the progress of the walls. 

On colonnades and other monumental fronts of sufficient length to warrant it, a device known as a “traveler’' 
mounted on trucks and rails parallel to the building front, may be found useful. In effect, this device is an elevated, 
moving platform, self-sustained, on which is mounted one or two stiff-leg derricks with revolving booms. The 
dimensions on such a traveler are, of course, dependent on the range of work to be covered. 

Inasmuch as the progress possible is directly proportionate to the number of setters employed, it has been found 
convenient on high buildings, where the element of time is a governing one, to dispense with the Chicago booms, 
which do not operate advantageously on closer than 60-ft. centers, and substitute therefor the short “A” frame 
type, working from the inside and setting out. These used in conjunction with chain falls permit the use of a setter 
on each and every pier, if necessary, and very rapid headway is thus accomplished. For this purpose the unset 
stones are hoisted to the various floor levels by large boom derricks, either as individual stones, if they are large, 
or in stone boats if they run to smaller sizes. They are then sorted on the floor and trucked or rolled out to the 
particular panels in which they are to be set, and there picked and dropped by the small “A” derricks to their final 
resting place. 

69. Pointing Stone Work. — Stone work as a rule is not pointed as it is set. That operation 
is handled in conjunction with the cleaning down after the work has all been set out. Exterior 
hanging scaffolds are used, and starting at the top the work is thoroughly washed with clear 
water and stiff brushes. Although the use of washing powders is permissible, the practice 
of using acid, even in weak solutions, on any kind of stone, should be seriously condemned. 
All drippings, particularly on sills and projecting courses, should be cleaned off and all wooden 
wedges inserted by the setters should be removed. On limestones, a dry brushing with stiff 
wire brushes gives good results. 

The pointing should only then be completed, using that type of joint selected, excessive 
care being exercised to see that the pointing mortar is shoved well back into the open joint to 
provide proper key. 

60. General Precautions. — An observance of the following points will be found beneficial: 

» All lug sills should be bedded on ends only, leaving ftill clearance through entire length between jamb lines. 

All metal anchors, other than those composed of brass or copper, should be thoroughly painted with some 
rust resisting preservative before inserting in the stone. 

Overhanging courses should be provided with temporary support from below until sufficient weight of wall 
has been applied above to prevent tipping out. 
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All projecting courses and finished horizontal surfaces should be boxed and protected until danger from falling 
materials above has ceased. 

Clean white sand only should be used in the mortar. 

Stone should not be laid in freezing or frosted weather. If the work must go ahead, then all known precau- 
tions should be taken, otherwise spoiling of the face will result. 

Vertical joints in coping sills and projecting courses should be pointed full depth or grouted to give a com- 
plete seal against the weather. 

When piling stone in the sorting yard, on the floor, or on the scaffolds, a firm, clean foundation should be 
provided and all setting identification marks exposed, so that the different pieces may be quickly recognized and 
obtainable without extra handling. 

The endeavor should be made to have the work backed up as far as set out before leaving it for the nignt. 

Carving may be done either before or after setting. On large panels built up from small pieces, best results 
will be obtained by carving in place There may also be considerable time saved by this latter method, thus com- 
pensating for the expense of scaffolds and protection to the carvers which otherwise would not be required at the 
building. 


BRICK WORK 

By a. G. Moulton 

Bricks in one shape or another are common to nearly every type of building construction. 
They are used for structural as well as ornamental purposes. Used structurally as in bearing 
walls, it is seldom that the masonry will exceed 21 in. in thickness. From that down to 8 in. 
is the usual run of the work for the wall proper, with a 4 or 8-in. pilaster added to points where 
load is applied. 

61. Location of Mortar Supply. — The mortar box, or mechanical mixer, as the case may be, 
should be set up so as to average the wheeling distance so far^as possible to all points of the work 
proper. Its location also should be convenient for the delivery and storage of the dry ingre- 
dients and also close to the water supply. 

Under ordinary conditions and where not over 12 masons are employed, hand-mixed mortar will be the most 
economical. Where from 12 to 20 masons are employed, either band or macbine mixed is equally good. For more 
than 20 masons, a machine mixer of the continuous t 3 ;pe will give the best results. 

62. Bonding Face to Backing. — For enclosing walls, the outer 4 in. may be carried up 
with a so-called face brick to obtain the desired architectural effect. The bond between the 
face and balance of the waU is accomplished in one of many ways and is generally a matter 
determined by the specifications. 

63. Scaffolding. — For stories of ordinary height, a horse scaffold, composed of the familiar 
4J^-ft. mason horse and 5-plank deck, will be found the most convenient. Two sets high of 
this construction is the practical limit, however, except for short stretches. Hence, when walls 
exceeding 14 ft. between floor levels are encountered, it will be best to use the putlog scaffold 
composed of one line of upright supports at convenient centers (approximately, 7 ft.) set 
parallel and 6 ft. from the face of the work. Cross supports are attached thereto with inner 
ends bearing 4 in. on the wall and upon which the deck planking is laid. As this scaffold is 
dismantled, the putlog holes are filled up by the mason. This type of scaffold properly cross- 
braced will answer for almost any height of wall. 

For face work, it is desirable to provide an outside scaffold if best results are to be insured, and particularly 
if a different kind of mortar is used on the face work from that used on the backing. All joints on face work should 
he struck, pointed, or raked out, according to the chosen design as the work proceeds and all backing should be 
cOpped out level with the face work, and the wall provided with temporary covering for weather protection before 
suspending for the day. 

64. Swinging Scaffolds. — For steel frame buildings, the patent swinging scaffold has 
become almost indispensable. Outriggers are projected along the face of the wall from the 
highest point available on the steel frame. These* in turn support the scaffold machines, 
which are essentially small cast-iron drums actuated by trailing hand rope through the medium 
of worm gear and sheave. Wire cables attached to and suspended from the drums carry the 
scaffold proper. The cable capacity of the drums, usually 125 ft., determines the height the 
scaffold may be raised without resetting the outriggers and machines. The hand control ropes 
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being of equal length to suspension cables, are always in reach of the scaffold men, who are 
constantly patrolling same and keeping it abreast of the walls and to the best advantage of the 
mason. Overhead protection, in the shape of light decking, should be provided on all such 
scaffolds whenever other trades are working at higher levels. The outer edge of the scaffold 
should be protected with a guard rail and light fence of poultry netting together with toe 
board. 

On high buildings it has been found entirely practicable to keep the exterior walls within two stories of the 
finished floors at all times, providing all necessary materials have been properly scheduled for delivery as required. 

If, due to unusual conditions, a delayed start is made necessary on the walls whereas the steel frame and arches 
have kept to normal progress, the gap thus produced can be closed by putting out a second scaffold at a higher level 
and working from both concurrently. To do this successfully, however, requires ample and well laid out hoisting 
facilities, so that no delay will ensue to the different sets of masons through waiting for materials. 

66. Serving Materials to Masons. — The proper serving of materials to the mason while 
working from scaffolds is one of the most important factors to be watched. A scaffolding should 
be arranged so that the brick can be wheeled from the stock pile on the floor and by one transfer 
taken from the barrow and laid at the mason’s feet. This arrangement, however, should not 
be at the expense of a heavy pull up a steep incline or runway. Under such conditions, two 
passes of the brick are to be preferred. Beyond this point, the brick hod must be depended 
upon. By keeping an even, constant flow of brick to the mason, not crowding up on him so 
as to restrict his foot space on the scaffold, and by keeping the tray always full of mortar, 
is the best way to insure satisfaction in the ranks and promote consistent output. 

66. Material Elevators. — Brick, mortar, and other materials entering into the construc- 
tion are elevated to the various working floors by means of platform hoists running up through 
temporary hatchways left in the 'floors, or in towers erected on the outer face of the work. 
Single platforms with capacity for two wheel barrows at a time are favored over the up-and- 
down type with one barrow to the load, because of the greater traveling speed obtainable. 
From 800 to 1000 ft. per minute is possible with the former type, and a greater margin of 
safety is pro\dded for the operators. It is needless to say that riding on material hoists is an 
extremely dangerous practice and should not be permitted under any condition. For buildings 
over 12 stories high, it is customary to provide a temporary passenger elevator for the conveni- 
ence of the workmen. This is generally erected in one of the permanent elevator shafts, using 
one of the permanent machines for motive power. On very high buildings where it will be 
impracticable to wait for completion of machine supporting steel, a temporary basement type 
machine is used. 

67. Progress of Work. — The average story of front brick or terra cotta, or a combination 
of both, will be run up in about 10 hr. work, or about 4J^ stories a week. Under more favorable 
conditions, a story per day has been accomplished. 

As soon as tke front has been topped out, the patent scaffold should be removed and the cleaning scaffold swung 
out. Ordinarily it is not practicable to set the lookouts for handling scaffolds so that they may be utilized for the 
cleaning down process as well. However, that possibility should be studied and taken advantage of whenever 
advisable. 


MECHANICAL TRADES 
By a. G. Moulton 

68. Sequence of Trades on Building Operations. — The proper time for the pipe trades to 
take up their work on a building will quite naturally vary with the character of the structure. 
Generally speaking, it must be at such a time as will preclude any possible delay in the starting 
of other trades, and they should also be worked in so that a minimum of cutting and patching is 
provided for. 

69. Plumbing Work. — Freedom of working space and plenty of daylight in which to run 
pipe work are excellent factors in keeping down costs. For this reason it will be found desirable 
to run in risers, such as plumbing, steam, electric and ventilating, just as soon as the supporting 
frame work of the building becomes available. On the same theory, horizontal lines and 
branches, such as suspended sewers, soil lines, steam mains, etc., will, if withheld on instal- 
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lation until floor arches are in, call for noticeably higher labor costs than if they were hung in th(' 
open immediately after beams are in place. 

Vertical soil lines, down spouts, sprinkler risers, steam and return lines, electric feeder conduits, etc., if run 
ahead of the arches will always be reflected in a lessened cost to the building as a whole, although in individual cases 
some of the above piping trades may be put to slightly additional expenses in providing necessary scaffolding to 
insure the safety of the workmen. The real saving comes in the cutting and patching which is thereby obviated. 

In following this method of advanced pipe work, thorough supervision must be given by the interested parties 
throughout the time that centering and arch construction proceeds, to see that the various risers are kept in proper 
alignment, and that all required sleeves are in proper place and at correct level before they are permitted to be built 
in. 

70. Importance of Pipe Drawings. — In order to take the fullest advantage that the situa- 
tion offers, it will be seen that all pipe sketches will have to be worked up and cut out, all main 
and branch lines detailed and fittings ordered, and such other items as hangers, expansion sleeves, 
panel and cut-out boxes, special valves, etc., be arranged for on specified delivery dates to 
insure their availability within the very Hmited time that exists between the time the structural 
frame work of the building is ready to receive them and the following on with the arch 
construction. 

71. Advantages of Plumbing in the Open, — In addition to the economies of installation, 
there is another very pressing need for advancing the roughing period of the plumbing installa- 
tion to the greatest extent. Most municipalities require a specified test for tightness on all 
sanitary lines before their concealment. This means that the minimum number of stories which 
can be tested at one time sets the distance which the interior partitions and furring must be 
kept back of its normal position, which ordinarily is immediately following the exterior wall 
enclosures. If the plumbing installation has been advanced so that a sectional test is had at 
about the time the fourth or fifth floor arches are built, then no delay will ensue and the prog- 
ress of the entire building has been benefitted. 

With the vertical lines and main branches out of the way, the mechanical trades will be in the most favorable 
position to take up the lesser branches, nm outs and circuits, either in conjunction with or directly following the 
arch construction, depending upon whether the design provides for the embedment of pipes in the arches or in 
a fill supported by the arches, 

72. Work in Conjunction with Floor Construction. — The steamfitter has his radiate r 
branches to run at this time. The electrician, in addition to his floor circuits, should lay out 
and install the conduit for all outlets and switch legs, and any other work which later will be 
concealed in partitions, column covering, and furring. The plumber will be roughing in the 
supply vent and soil lines for sanitary fixtures. The somewhat common practice of allowing 
tile, partitions, furring, etc., to be erected in advance of pipe work, later to be cut or chased 
out for its reception, has little merit other than the relief it affords the mechanical trades from 
the responsibility of laying out their own work, and therefore should not be permitted. 

73. Finishing Plumbing, Steam, and Electrical Work. — The proper finishing period for the 
three mechanical lines which we have been following, and which would include radiators, valves, 
heat controlling devices and pipe covering for the steamfitter, sanitary fixtures and trimmings 
for the plumber, and panel boards, receptacles, switches, switch-plates and wire for the electri- 
cian, will naturally take their normal sequence after completion of finished floor, plaster, and 
marble work. 

On buildings and structures where the pipe work and conduits are not required to be concealed, then a later 
start is not only permissible but will probably be desirable. There as above, however, the cutting and patching 
feature and its elimination should be the guide. 


ELEVATOR AND STAIR WORK 
By A. G. MoU'Lton 

74. Value and Importance of Early Installation of Elevators and Stairs. — Two important 
trades, both of which should be placed on the work at an early date, are those concerned with 
elevators and stairs. 
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Elevator guide brackets should be available, so that they may be installed and followed by 
the guides themselves within a period but a few days longer than that required to build the 
supporting steel work of the building. This is particularly true of lofty buildings, where it is 
customary practice to have the elevator machines prepared in time to be hoisted by the steel 
erector’s derricks to the machine room level just before they are closed in for dismantling. 
Thus, with machines in place, and guides erected, temporary cars for freight and passenger 
ber^uce may be depended upon almost as soon as the roof of the building has been enclosed. 

If, during the time the platforms are being assembled and connected up, the elevator shafts can be plastered, 
this should be done, even at the expense of some little inconvenience and disarrangement of other trades. Not 
to accept the opportunity at that time will unfailingly cause the forced suspension of elevator service at some later 
date, when it can be least afforded, in order to go back and finish the shaft walls. 

In order to start guide work before completion of steel, two or more set of templates will have to be made; and 
in such cases it vail be necessary to guarantee to the elevator constructor the alignment of all steel work surrounding 
the shafts, the greatest variation permissible being agreed upon and arranged for. 

On high buildings, open and direct access by means of stairs to the various floor levels is a very important fac- 
tor Not only is the safety of the workmen involved, but a tremendous amount of time otherwise lost to employees 
can be accounted for, as against when ladders or other makeshift means are depended upon. 

75. Erection of Iron Stairs. — Ordinarily, for high steel buildings, iron stairs are specified. 
Treads and platforms may be all metal or of pan type to receive a finish of composition, slate, 
or marble. When these stairs are designed for painted finish, no great harm can occur to them 
during the construction period^ and they should be available and erected in the building as 
rapidly as the erection of steel will permit. It is not uncommon to keep stairs of this type 
within three floors of the steel derricks at all times. Temporary 2-in. plank treads are supplied 
•and also temporary wood railings are used should the finished balustrade be unsuitable to install 
at such an early date. 

For stairs which have a baked finish, or are made up of softer metals than iron, it will probably be found better 
to withhold their erection until the building is in the finish stages, using instead temporary wooden flights. 

76. Installation of Ornamental Iron with Stairs. — At the same time stairs are going in, 
elevator facias, if required, cau be installed, which, together with store fronts, window mul- 
lions and other miscellaneous iron work, will generally provide continuous work for the orna- 
mental-iron workers despite their early start on the stairs. This provision for continuity of 
work is a point to be kept in mind when scheduling all trades. 

77. Protecting Elevator Shafts and Stairs. — The proper protection of elevator shafts, 
stairs, runways, etc., from a safety point of \dew, is a matter that should not be left to chance, 
as it provides responsibility of sufficient importance for the building superintendent himself to 
assume. Daily inspection should be made to determine (1) whether all required protection 
in accordance with accepted standards has been provided, and (2) whether proper upkeep is 
being maintained. 

Temporary hod and material hoists are particularly dangerous features of a building under 
construction, and they should never be operated until the shafts are enclosed through which 
they run. If not otherwise protected by permanent walls, they are first fenced in with suitable 
enclosure on three sides at all floor levels through which they run. That side from which they 
serve and are served should be protected by a gate or protecting bar and this barrier kept in 
place on all levels except the one being worked. All enclosed stairs, dark passages, and base- 
ment runways, whenever open to. the passage of workmen, should be provided with safety 
lights and railings. 

Bell men for signalling the hoisting engineer should be chosen with due regard for their knowledge of the 
position and proven ability to follow instructions. Riding on material hoists of any kind should be strictly pro- 
hibited. For the enforcement of this rule, signs alone cannot be depended upon. They should be backed up by 
positive and concise instructions issued to all operating foremen and engineers, with the full penalty for violating 
thoroughly understood. 

The value of a careful and thorough study of welfare and safety conditions and its effect on building construc- 
tion work is rapidly becoming more and more a subject of deep interest to the builder. On work of large volume, it 
has now become almost universally the custom to reinforce the construction organization with one or more safety 
inspectors, trained to detect the dangerous spots and provide suggestions for their removal or improvement. On 
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work of lesser volume, where a separate department would not be warranted, these duties should be definitel: 
assigned to some responsible individual in the organization, together with sufficient authority to insure the carryini 
out of his recommendations 

SEQUENCE OF FINISHING TRADES 
By a. G. Moulton 

Interior dividing partitions, wall furring, column covering, etc., should follow as closely 
after the completion of exterior walls as roughing or pipe trades will permit. In conjunction 
therewith will be requii*ed the bucks, grounds, and other items of rough carpentry incident to 
preparing the building for such of the finishing trades as plaster, marble, and trim. At this 
time also it may be desirable to install the exterior window sash, particularly so if the work is 
in or approaching the winter months. 

78. Wood Trim, Flooring, Glazing, Etc. — Interior wood trim, maple flooring, glass, and 
hardware should be brought on the building only at such a time as they may be installed with 
safety. Ordinarily, this will be 3 to 4 weeks after plastering has been started. With metal 
trim no delay is necessary and the work may be executed as soon as the plaster is hard. 

79. Setting Radiators, Plumbing and Lighting Fixtures, and Painting. — During this 
period the radiators are set and permanently connected up, plumbing and lighting fixtures are 
installed, painting of exterior and interior wood and metal surfaces is begun, finished floors 
are scraped or rubbed, as the case may be, and a general canvass of aU incompleted items made 
to determine what is missing and the reason therefor. So called Punch lists” giving this 
information and covering each branch or trade employed on the work, should be compiled, 
and checked against by daily inspections until the lists have been eliminated. 

The proper time at which to institute these lists is a matter for careful consideration. If resorted to early, they 
must of necessity deal largely with generalities, and as such will fail in receiving the respect, or commanding the 
power that they should be entitled to. To be of real service, they must cover the ground in most minute detail, and 
imtil this can be done without becoming burdensome to the various trades, they had better be withheld. 

80. Plaster and Marble Work. — Plaster work and marble work are two trades which carry 
on together, where they engage one with the other, and either may be given the preference on 
installation with about equal results, time and economy both being considered. While it might 
seem that the necessary cutting and patching of plaster to bring the marble into engagement 
would be expensive, this item will be found to be just about balanced by the additional expense 
involved in protecting the marble should plastering be done last;, added to which would have to 
be accepted a certain amount of lost time due to using the slower trade as pace maker. It is 
the latter consideration which generally permits the plaster to precede the marble. 

With marble as well as with all trades, too much cannot be said about the extreme importance of scheduling 
materials for delivery in proper sequence that will meet job requirements. When dealing with fragile materials 
such as marble, due consideration should be given to the proper amount, if any, of stock pieces that should be pro- 
vided in order to get out replacements on the job with the least possible delay. 

81. Cleaning Up after Plaster Work. — Directly after the marble and plaster work has 
been completed on a floor, this section should be given a thorough broom cleaning and all 
surplus plank, building materials, rubbish, and other useless equipment should be removed 
from the story. Thereafter it should be kept in that condition as a clean building is not only 
the simplest, but it is the surest method of protecting the finished surfaces. 

Marble treads, thresholds, and other surfaces subject to traffic may be helped out by a temporary coating of 
plaster of Paris, but beyond that and the usual precautions against oil and tobacco stains, the greatest dependence 
can be placed on the cleaning gang provided their work is conscientiously carried out. 
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Mechanical equipment for modern building construction is available in such variety that it is possible in 
this “Handbook” to mention types only with general remarks on their field of application and their respective 
abilities. Care has been exercised to present a minimum of statistical detail as relates to capacities, dimensions, etc., 
inasmuch as manufacturers are constantly making changes in their equipment. Only so much of such data is 
given as will assist the reader adequately to visualize the equipment. 

EXCAVATING EQUIPMENT 
By Waldo G. Bowman 

1. Earth Excavating Equipment. 

la. Power Shovels. — For building foundation work, the full-revolving power 
shovel is the standard tool when the volume exceeds about 800 cu. yd. The depth of excava- 
tion is also a limiting factor, a power shovel being effective to about 20 ft. Going deeper than 
this requires sheeting, and the resulting bracing extending into the basement area restricts 
shovel manipulation. This is particularly true on small plots. In such cases, stiff leg derricks 
(see p. 851) are substituted. The size of power shovel ordinarily used varies from ^ to 1}4 
cu. yd. dipper capacity. 

A convenient classification of power shovels is by type of motive power. Thus, there are 
steam shovels, gasoline shovels, electric shovels, gasoline and electric shovels, gasoline and air 
shovels, and Diesel shovels. 

General Features . — All shovels are made up of four main parts — the mounting, the base frame, 
the revolving frame, and the boom-and-dipper-stick assembly. 

The mounting is invariably of the crawler type consisting of a cast-steel articulated tread mounted on rollers, 
one or two of which are driving rollers. The latter are geared directly to the power unit or receive their power 
through chains and shafts. Steering is usually accomplished by disengaging either one or the other of the treads 
from the driving power. Most crawlers are self-cleaning. Two to four axles are used. Usually, two speeds 
forward and reverse are provided, ranging from ^ to 1)4 m.p.h. 

The base, which rests on the axles, is a single steel casting or in some cases a riveted or welded structural-steel 
frame. Likewise, the revolving frame which carries the machinery and cab is a unit steel casting in the better 
machines. The boom-and-dipper-stick assembly is usually considered to include the structural steel “A” frame 
which is fastened to the revolving frame and carries a head block to which are attached the cables which support 
the upper end of the boom. The boom is invariably of structural steel and may be made of two parts with a space 
between for the passage of the dipper stick, or it may be of the box-girder type, in which case, two dipper sticks are 
used placed outside the boom. The latter design is effective in eliminating twisting strains and weaving. 

A special boom-aad-dipper arrangement is shown in Fig. 3. Whereas on other machines the dipper stick or 
shipper shaft, as it is often called, is placed on. top of the boom, here it is placed at the center. This is claimed to 
give the dipper added reach and a higher dumping angle. The dipper stick is carried on large circular steel bearings 
wMch give it lateral support. The boom is unusually wide at the base to eliminate twist strains. 

The dipper stick is ordinarily of wood reinforced with steel plates and varies in length from 14 to 20 ft. A 
typical 1^-yd. power shovel with its boom at a 45-deg. angle and an 18-ft. dipper stick has a maximum dumping 
radius of 29 ft. 9 in., a clear dumping height of 19 ft. 1 in., a boom height of 20 ft. 8 in,, an effective single-line pull 
on the dipper of 15,500 lb., and an 81-hp. engine. The shovel weighs 69,000 lb, 

The dipper is ordinarily of special or alloy cast steel and ranges in capacity from to cu. yd., although dip- 
pers are built up to 15 cu. yd. on some ore stripping machines. Unfortunately, “capacity” may mean heaped, 
struck, or water measure, and care is, therefore, necessary in comparing makes of the same nominal capacity. In 
hard digging, manganese, or other alloy, steel teeth are fitted to the dipper lip. The hoisting line in most cases is 
connected to the dipper through a sheave and a hinged bail, but on some machines it is merely fastened to the 
back of the dipper by a pivoted block. 

A special dipper known as a back-digger or pull-shovel is often used. Its manner of operation is evident from 
its name. This tjrpe of dipper is usually attached to a short stick which is hinged to the end of the shovel boom, 
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■The steam shovel, the once universal type, is slowly being replaced by 
It is still, however, the ideal in flexibility and ease of operation, its 


Types of Shoi'els.- 
other types of power. 


Fig. 2. — Bucyrus-Erie gas + air shovel. 





Fig. 3. — Thew gasoline shovel. 


three independent throttle-controUed engines for crowding, swinging, and travel being designed 
to give high speeds under light loads and to stall under extreme loads. The chief disadvan- 
tages of the steam shovel center around inconvenience and dirt. 

The gasoline shovel uses only one engine, and the power is apphed to the various motions — 
crowd, swing, and travel — ^by means of clutches Various devices are used to make the opera- 
tion of these clutches easy, among them long levers and air or hydraulically operated pistons. 
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The size of engine used varies from 40 to 90 hp. for shovels from 4^ to 1 yd. capacity. A 1- 
cii. yd. 90-hp. gasoline shovel with oil hydrauKc control for crowd, hoist, and travel is manu- 
factured by the Austin Machinery Corporation. A triplex plunger pump circulates the oil 
under a pressure of 125 lb. per sq. in., the pressure being maintained hy an accumulator. Three- 




Fig. 5. — Bucyrus-Erie 1-yd, Diesel shovel. 


way valves operated by a single lever control the hydraulic rams which actuate either band- or 
cone-type clutches. 

Following the development of Diesel engines practically equal in weight per horsepower to 
gasoline engines, the former type of power is now offered by. nearly all manufacturers. The 
method of operation of Diesel shovels is, of course, the same as for gasoline-powered shovels, 
namely, through clutches. 
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The gasoline and air shovel or the “gas + air*' shovel, as the model manufactured by the 
Bucyrus-Erie Company is called, uses both gasoline and air engines. The gasoline engine is the 
primary power, used to operate an air compressor and to furnish power for hoisting. Both 
crowd and swing are accomplished by direct-connected throttle-controlled air engines running 
on heated compressed air at 125 lb, pressure. No clutches are used, and the operation is thus 
quite comparable to that of the steam shovel. 

The gasoline and electric machine, such as manufactured by the Marion^ Steam Shovel 
Company, also uses independent engines. The gasoline engine drives an electric generator to 
make power for the electric motors — one each for the hoist, the swing, and the crowd, thus 
providing operation quite similar to that of a steam shovel. 



Fig. 6. — Thew pull shovel with tilting dipper. 


15, Cranes. — Three types of cranes all using two- or three-drum hoists are 
available for apphcation to building construction work, using either hooks or grab buckets, the 
latter either for excavation or for handling materials such as earth or concrete aggregates. 

Practically all makes of power shovels are convertible to cranes by a simple interchange of ‘ 
booms and a re-reaving of the cable Hnes. Crane booms are of latticed structural steel in lengths 
varying from 35 to 50 ft., for 1- to H-cu.-yd. buckets respectively. Representative data on 
one of these convertible-type cranes, of 1 cu. yd, capacity with 35-ft. boom, areas follows: With 
boom at 40 deg. inclination, the dumping radius is 32 ft. 11 in., the dumping height is 17 ft. 7 in., 
and the digging radius is 39 ft. 11 in. A 35-ft. boom has a load capacity at a 12-ft. radius of 
17,600 lb.; and at 30 ft., of 6300 lb. 

Locomotive cranes can be used under certain conditions, being particularly useful for plac- 
ing-steel on large one-story buildings. These cranes are similar in construction to crawler 
cranes but are mounted on railroad trucks (Fig. 8) and use booms up to 75 ft. in length. Mostly, 
they are operated by steam, although the trend is toward the other kinds of power. Locomo- 
tives cranes vary in weight from 45 tons in the smaller or 10-ton capacity to 90 tons for the 
larger or 30- to 40-ton capacity. 

The third class of cranes are motor-truck-mounted units which are adaptable to practically 
all types of crane service. Power is taken from the motor-truck engine through chains and 
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gears. The rear traction mounting consists of either four or six wheels. On one make shown in 
Fig. 7, a removable crawler tread is provided for use in soft ground. All truck cranes have the 
advantage of ready and rapid portability from one job to another. 



Fig. 7. — Universal truck crane equipped with removable crawlers. 



Fig. 8. — Industrial-Brownhoist locomotive cranes in operation. 


Ic. Fixed Derricks. — Stiff-leg and mast derricks operating grab buckets are often 
useful in excavating foundation sites that are too congested with bracing to permit crawler- 
shovel operation. Such derricks are indispensable when rock has to be excavated; metal skips 



Fig, 9. — Owen clamshell bucket, sheave closing type. Fig. 10. — Blaw-Knox clamshell bucket — lever-arm closing 

type. 

block-aiid-tacklej and the lever-arm. In most buckets used in building excavation work 
two lines are necessary for operation — a closing line and a holding line, each acting as its name 
implies, and each requiring a drum on the hoist. 

With a power-wheel mechanism the operation of closing the bucket is accomplished by winding the closing line 
around a large-diameter pulley wheel mounted on an axle that forms part of the hinge of the bucket. Attached 
to this axle on each side of the wheel is one end of a chain or cable, the other ends being fastened to the top of the 
bucket. This type of bucket has a large pick-up capacity in loose soft material, operates very rapidly, and requires 
little headroom. When heavy digging is encountered, counterweights may he added between the spokes of the 
power wheel. 

The sheave type of closing mechanism gives a more powerful closing action than the power-wheel type. Mov- 
able sheaves replace the power wheel, and stationary sheaves are placed in the head of the bucket. Cable reaving 
between these two sheaves will develop closing ratios as high as 10:1. While this type of closing mechanism is 
suitable for digging some types of material, a combination of this type with a lever arm produces a greater mechan- 
ical advantage and exerts a correspondingly greater force. In this latter type of closing mechanism the lower 
sheaves are attached to one end of a lever instead of being placed on the hinge; the other end of the lever is attached 
to the hinge. This bucket requires a smaller number of sheaves than does the block-and-tackle type and exerts 
a more eifcctive closing power as a result of the long travel of the sheave in the lever arm, 
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(ire used when tho rock is woll broken, whilo large pieces of rock are removed, by chain slings. 
Further data on. derricks are given on p. 895. 

Id. Grab Buckets. — The two principal types of grab or automatic buckets used 
in building excavation are the clamshell and the orange peel. The orange peel is ordinarily 
used as a digging bucket, while the clamshell is made in various types suitable both for handling 
loose materials and for digging. iVumerous other types of buckets, particularly in bottom dump 
and tilting designs, are used for handling work, particularly in depositing wet concrete. 

Clamshell Bucket,— Clamsheli buckets (Figs. 9 and 10) consist of two curved jaws which 
when closed form half of a short ci'linder. Two sets of steel arms connect these jaws to the head 
casting. Very little change has been made in the shape of the bowl since such automatic 
buckets were patented in 1848, but the closing mechanisms are of various t 3 'pes. The three 
outstanding types of closing mechanisms may be classified as the power-wheel, the sheave or 
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Orange-peel Buckets . — In the orange-peel bucket, multiple blades replace the two curved 
jaws of the clamshell. The power-wheel and block-and-tackle closing methods are found 
on the orange peel, while the lever arm has so far been adapted only to clamshell buckets. Three 
or four blades are usual. The orange-peel bucket has a powerful digging purchase and is heavier, 
capacity for capacity, than a clamshell — a 1-j^d. clamshell weighing about 3000 lb. Orange- 
peel buckets are built in a wide range of sizes. The smallest clamshell is a }4-yd. bucket, whiU 
special dwarf” orange peels for removing material -from steel casings for foundation piling 
are built to carry as little as 100 cu. in. of material. 




Fig. 11. — Hayward orange peel bucket — power-wheel closing type. Fig. 12. — Round self-tilting 

. bucket. 

In. the accompanying tables are given some of the sizes and dimensions of both orange-peel and clamshell 
buckets. 


Clamshell Buckets for Excavating or Dredging 
Owen Bucket Company 


Capacity, 
cubic yards 

Height, open 
(including 
arms) 

Bucket 

length, 

open 

1 Height, closed 
(including 
arms) 

Bucket 

length, 

closed 

Bucket 

1 width 

H 

5ft. Sin. 

5 ft. 0 in. 

4 ft- 6 in. 

4 ft. 2 in. 

2 ft. 1 in. 

1 

7 ft. 4 in. 

6 ft. 1 in. 

5 ft. 9 m. 

5 ft. 6 in. 

2 ft. 8 in. 

H 

7 ft. 10 in. 

6 ft. 4 in. 

6 ft. 2 m. 

5 ft. 10 in. 

3 ft. 2 in. 

1 I 

8 ft. 7 in. 

7 ft. 

6 ft. 10 in. 

6 ft. 6 in. 

3 ft. 2 in. 

m 

S ft. 10 in. 

7 ft. 7 in. 

6 ft. 11 in. 

7 ft. 1 in. 

3 ft. 2 in. 

2 

10 ft. 1 in. 

9 ft. 4 in. 

8 ft. 1 in. 

7 ft. 9 in. 

4 ft. 1 in. 


Weights 
(without 
>unter weigl 
or teeth), 
pounds 


1,100 

2,500 

3,400 

3,565 

3,775 

4,650 
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Orange-peel Buckets 


Ha^^^ard Company 


Capacity 

Diameter, 

closed 

Height, 

closed 

(including 

arms) 

Diameter, 

open 

Height, 

open 

(including 

arms) 

W eight, 
pounds 

100 

cu. in 

10 in. 

1 ft. 6 in. 

11>4 in. 

1 ft. 8 in. 

35 

300 

cu. in 

1 ft. 1 in. 

1 ft. 8 in. 

1 ft. 3 in. 

1 ft. 11 in. 

45 

1 

cn, ft 

1 ft. 10 in. 

3 ft. 1 in. 

2 ft. 2 in. 

3 ft. 6 in. 

210 

5 

cu. ft 

3 ft. 2 in. 

4 ft. 9 in. 

3 ft. 11 in. 

5 ft. 3 in. 

1,000 

15 

cu, ft 

4 ft. 7 in. 

6 ft. 6 in. 

5 ft. 6 in. 

7 ft. 4 in. 

2,350 

1 

cu. yd 

5 ft. 8 in. 

8 ft. 

6 ft. 10 in. 

9 ft. 

4,400 

134 CTi. yd 

6 ft. 

8 ft. 3 in. 

7 ft. 3 in. 

9 ft, 3 in. 

4,800 

134 cu. yd 

6 ft. 4 in. 

8 ft. 5 in. 

7 ft. Sin. 

9 ft. 6 in. 

5,350 


le. Handling Buckets. — Steel buckets used for handling materials are of many 
different sizes and shapes. They are classified according to the manner in which they discharge, 
i.e.y tilting or bottom dump. The tilting bucket is hung by a heavy bail hinged to the sides 
of the bucket which is held in the upright position by a catch. The bail is fastened a little 
above the center of gravity of the empty bucket so that little effort is required to dump the 



Pi«. 13. — Tilting bucket. Fig, 14. — Bottom-dump bucket. 


bucket, and it automatically returns to its upright, locked position. These buckets may be 
either round tubs or of the shape shown in Fig. 13. Together with the shallow, box-shaped 
skip they are used for handling rocks where the contents are discharged to waiting trucks or 
loading hoppers. 

The bottom-dump bucket (Fig. 14) discharges through doors in the bottom. It ordinarily 
operates with two hoist lines the same as a clamshell or orange peel. The sizes of the bucket 
and methods of opening vary with different manufacturers. In general, the bottom dump is 
square, and where the bucket is not equipped with two-line operation a system of levers is 
provided to be actuated by a man stationed at the point of unloading. 

1/. Plows, Picks, Shovels, etc. — ^Little mention need be made of such tools as 
plows, picks, and shovels, inasmuch as their field of usefulness is well defined and understood. 
In spite of the great increase in mechanical methods of excavation, the pick and the shovel are 
still most valuable tools. All such tools should be selected with their wearing ability in mind. 
Shovels, particularly, require considerable care in selection because of the many types available 
for different purposes. One classification of shovels is made according to the shape of the cutting 
edge, the sharp-pointed shovel being used for digging in hard ground, whereas a square-pointed 
one is needed for loose materials. A simplification program has been worked out by the various 
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manufacturers and the U. S. Department of Commerce so that the ordering of shovels for 
various purposes is not the task it once was. Besides being classified according to shape and 
size, shovels are also available in different grades of steel — ordinary carbon steel, heat-treated 
carbon steel, and various alloy steels. 

Ig. Scrapers. — Scrapers, used in building excavation, are of two general types — 
drags or slips, and wheeled scrapers. In addition to the ordinary slip shown in Fig. 15, there 
are the fresno and the rotary fresno, as shown in Fig. 17, for specialized work. 



Fiq. 15. — Drag scraper. 

Drag Scrapers . — ^The slip or drag scraper is made of steel plate and sometimes provided 
with an extra bottom or with runners and has a heavy bail hinged to the sides as a means of 
attaching a team of horses. Wooden handies, fastened to the sides, enable the operator to 
guide and trip the scoop. This type of scraper is advantageous in places where heavier machin- 
ery cannot be employed and where the haul is not over 200 ft. The fresno is used in connection 
with a plough and can more easily be handled by one man than can an ordinary drag scraper. 
The fresno fills with dirt and, in addition, pushes considerable dirt in front of it. • The runners 
on the fresno are adjustable so that it can be used for leveling land where only a thin coating of 
earth is to be removed. The rotary fresno is similar in construction but is larger and designed 



Fig. 16. — Wheeled scraper in position to load, Western Wheeled Scraper Co., Aurora, lU. 

for operation with a small fast-moving tractor. It is operated by the tractor driver. The pan 
turns completely over and can be dumped, righted, and set for loading without stopping the 
tractor. Drag scrapers are available in 3 Kj and cu. ft. capacity, while fresnos are 
available in sizes cutting from 23^ to 5 ft. deep. Three or four animals are required for the 
larger sizes, while two animals are usual for those fresnos cutting from 2 to 33^ ft. A rotary 
fresno cuts a width of 5 ft. and a depth of approximately 2 ft. AIL of these machines work most 
efficiently on short hauls. 

Wheeled Scrapers . — ^The wheeled scraper (Fig. 16) consists of a steel box, with one open side, 
suspended from an axle which is supported by wide tread wheels, about 40 in. in diameter. 
Attached to the box are levers which enable the operator to raise, lower, or dump the scrapers 
while in motion. Although ordinarily operated by a team, a special hitch adapts the wheeler 
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to small tractor operation. The chief usefulness of the wheeled scraper commences about 
where that of the drag scraper ceases, and its limit of hauls is about 1000 ft. Wheeled scrapers 
are available in capacities from 7 to 16 cu. ft. The 7-cu.-ft. size has a box 32 in, wide, 32 in. 
long, and 10t4 in- deep, and the 14-cu.-ft. size has a box 38 in. wdde, 41 in. long, and 131^2 deep. 
For long hauls of material loose enough to spill over the open end, there are available automatic 
end gates which will retain the material in the box. These end gates operate with the raising 
and lowering of the box. 



Fig. 17. — Rotary Fresno, Western Wheeled Scraper Company. 

2. Rock Excavating Equipment. — In rock excavation, two general methods are available 
for breaking the rock into sizes which can be handled by hand or by the mechanical means 
available. These are explosives and the plug and feather. The art of the use of explosives has 
developed to such an extent in the hands of licensed explosives men — ^who are usually required 
by law to handle the explosives — that it is, to all practical purposes, the only means employed 
to break up rock. Even in crowded quarters, the use of small charges together with mats of 
hemp or wire rope to eliminate flying pieces of rock is more satisfactory and economical than 
the plug-and“feather method. 

2a. Explosives. — Explosives, of course, require care in handling and in storage. 
Moisture and temperature changes are the main things to be avoided in storage. Three types 
of magazines are approved by explosive manufacturers in which to store explosives- — soft-brick 
magazines, sand-filled wall magazines, and portable iron magazines. Concrete is not safe 
because of the danger from flying missiles in the event of an explosion. Magazine floors should 
not rest on the ground. Proper and sufficient ventilation is absolutely necessary to insure 
dryness and uniform temperature. Separate magazines should always be provided for blasting 
caps and accessories. Distances of magazines from other buildings are usually governed by 
law, but otherwise the American Table of Distances should govern. This table can be secured 
from any manufacturer of explosives. In fact, all questions of doubt should be referred to 
these companies, all of whom maintain service organizations of high caliber. 

Explosives are divided into two classes, dependent upon the force exerted — z.e., black 
powders, which are weakest, and dynamites (nitroglycerine, nitrate of ammonia, gelatine, or 
nitrostarch types), which are strongest. 

Black Powders . — Black powders are slow burning and consist of 65 to 75% potassium 
nitra te. 15 to 20% charcoal, and 10 to 15% sulphur. They come in kegs holding 25 lb. or more. 
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Because of difficulty in handling, they must be carefuUy poured through a funnel into the hole 
or else made up in brown-paper cartridges and shoved into the hole with a stick. Black powders 
are not so extensh^ely used as are the dynamites. 

The size of the powder grain aifects the rapidity of burning, the smaller grains being the 
quicker burning. A good powder is dark gray or slate color. When burned on a sheet of white 
paper, it should leave no residue. 

Black powder may be fired by a battery or by a fuse which is a thin train of powder surrounded by tape- 
Different tj’pes of fuse, which burn at a known rate of from 35 to 40 sec. per ft, are available for dry work, 
damp work, wet w’ork, or under-water work. When using a battery, electric squibs, which are heavy paper shells 
filled with a quick flashing powder, are placed in the center of the black powder and shoot out a small flame which 
ignites the charge. 

Dynamites . — Although dynamite is in common usage synonymous with all high explosives, 
it is, as a matter of fact, only one of the several types available. Straight dynamite contains 
nitroglycerine, wood meal, or other combustible material, and sodium nitrate. It is the most 
sensitive of the dynamites, very quick, and obtainable in strengths (based on percentage of 



Fig. is. — D u Pont blasting machines. Pocket size machine on left has capacity of 1 to 3 electric blasting caps. 

Machine on the right has capacity of 50 caps. 

nitroglycerine) up to 60%. Ammonia dynamite is similar to straight dynamite with the 
addition of ammonium nitrate. Straight gelatines are distinguished by their plasticity, impervi- 
ousness to water, and the comparative freedom of their explosion product from noxious fumes. 
They contain nitroglycerine, sodium nitrate, wood pulp, or other combustible material, and 
nitrocotton. Ammonia gelatines are the same with the addition of ammonium nitrate. Blast- 
ing gelatine, which consists of nitroglycerine and nitrocotton, is a tough, elastic, jelly-like mass 
and is the strongest and most water-resisting of all explosives. It is particularly useful for hard 
rock and large holes. 

Dynamite'' is commonly packed in paper cartridges from 6 to 16 in. long and % to 2 in. 
in diameter and is shipped in boxes of 25 to 50 lb. each. A strength of 40% is most commonly 
employed. 

Blasting Accessories.— Mk explosives, if they are to be fired with full strength, require the 
use of certain accessories. The cost of these accessories is so small in comparison with the 
explosives that the best grade obtainable should always be used. 

Strong detonators assure the most efficient use of the explosives. Detonators are of two 
types — electric blasting caps and blasting caps used with fuse. The fuse has been described 
previously. Blasting caps are small drawn copper cylinders, closed at one end, the '"business 
end," and loaded with a small charge of very sensitive and violent explosive. They are packed 
in tin boxes each containing 100. 

Many kinds of blasting can be accomplished only by electricity such as submarine and wet 
blasting, and all kinds can be performed more safely, quickly, and conveniently by this method. 
An important characteristic is that several charges can be fired simultaneously. Electric 
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blasting caps are also small copper cylinders. They contain fulminate of mercury at the busi- 
ness end in which is embedded a copper-wire circuit held in place hy an asphalt plug inserted 
in the other end. Wires extend out of the caps and to the top of the hole. Stock wire lengths 
vary in 2-ft. increments from 4 to 20 ft. 

* Blasting Machines , — Blasting machines are used to generate current for filing blasts by 
electricity. While electric power or lighting circuits can be used where available with proper 
voltage and amperagej blasting machines are the more usual. They are in effect small port- 
able dynamos in which the armature is rotated by the downward thrust of a rack bar (Fig. 18). 
The machines should be used with electric blasting caps connected in series only and never in 
multiple or parallel. They are available in sizes suitable for firing from 3 to 150 electric blasting 
caps at one time. The best way to operate a blasting machine is to ‘‘try to knock the bottom 
out of the box.” Also, two or three short preliminary strokes in a pumping action tend to 
strengthen the magnetic field and get the maximum current from the final stroke. 

The small pocket blasting machine, also showm in Fig. 18, is operated differently from the 
other machines. This machine is grasped in the palm of the left hand, and a quick turn of the 
firing handle with the right hand generates the current. 

26. Rock Drills. — Drilling rock may be carried on by hand or by machine drills. 
Hand drilling, unless the number of holes to be drilled is small or the work carried on away from 
cources of steam or air, is not much used in building construction. The smaller types of 



machine drills are made light enough to be readfiy portable and easily handled by one man 
and these are the types most generally applicable to building foundation excavation. In the 
larger sizes, these machines may be mounted on tripods and adjusted to drill horizontally, at an 
angle, or vertically. Air is the most universally used power. Electric drills have to be too 
large for a comparable amount of work, and gasoline operated drills have so far not been a 
success. The machines described below are all air drills. 

In hand drilling, a hammer weighing 4 or 5 lb, is ordinarily used, although where one man 
holds the drill and another uses the hammer, the weight is sometimes increased to 10 lb. Suc- 
cessful hand drilling is usually a product of skill and judgment on the part of the striker to know 
how to strike the driU in order to keep the bottom of a hole clear so that the drill is operated on 
sohd rock and not on loose fragments. A drill of % to % in. in diameter with a chisel bit is 
most commonly used, although star and rose bits are useful when holes are to be drilled in 
cement or brick work for the placing of expansion bolts, etc. 

Machine Drills. — Machine-operated drills are invariably of the hammer type — that is, 
the drill steel is entirely separate from the piston, the latter striking the drill steel direct or 
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transmitting the blow through a striking block. Piston drills in which the drill steel acts as a 
part of the piston are practically extinct. 

Except in special communities like New ork City where very hard rock is encountered close to the surface, 
the hand-held type of hammer drill fills eveiy*" requirement. Hammer drills are made by a number of manufac- 
turers, the principal difference in design being in the valve control and in the means of rotating the drill steel. 
In general, a hammer drill consists of a easing 'which contains all the mo%dng parts, having a handle at one end and 
a steel holder’ or chuck for the drill steel at the other. The blew is delivered by a light piston with a short stroke 
under pressures of 80 to 100 lb. per sq. in. The piston may either strike the end of the steel direct, or a striking 
pin or block may be interposed. All hammer drills novr employed utilize a self-rotating mechanism for the drill 
steel. Also, all driUs are automatically lubricated. One-man hammer drills vary in weight from 30 to 50 lb. and 
drill holes from 8 to 12 ft. deep. Eor deeper holes, or for holes placed horizontally or at an angle, tripod mountings 
for the hand-held type of drills are available. 




Fig. 20. — Sullivan hollow-piston rotator. Fra. 21. — Ingersoll-Rand jackhammer air drill. 

The main classification of the hammer drill from an operating standpoint is made with regard to the method 
utilized for ejecting the cuttings from the hole. 

Where no difficulty is encountered in cleaning the hole, as in shallow drilling or in very hard rock, a solid-piston 
design is adequate. The chief advantage of the solid-piston type is its economy of air. But where the hole must be 
constantly cleaned, a piston with a jet of live air or steam discharging through a hole running from end to end of 
the piston and into a hollow drill steel is better. On some hammers a special air tube can be provided which will 
be more effective than a straight hollow-piston type for down holes in damp or sticky ground. A variation in this 
design provides for holding the piston at the rear end of the cylinder while the jet of air is thrown directly into the 
forward end of the cylinder and thus into the hollow drill steel. In another type the air tube is replaced by a steam 
tube, but this design is not recommended for holes deeper than 5 or 6 ft. ; its main advantage lies in the fact that it 
can be used advantageously in connection with a steam shovel when ait is not available. 

For drifting and drilling at an angle, machines utilizing a combined air and water jet do effective hole-cleaning 
work. Finally, when drilling soft and medium-hard rock, a machine with a light, rapid stroke gives better results 
than a heavier machine. Using a water tube, it is necessary to have pipe-line pressure or a pressure tank available. 

A machine known as a calyx core drill is often used to make borings for elevator plungers. It removes the 
material in the shape of cores 6 to 10 in. in diameter, as compared with other drills that remove the rock as cuttings. 
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Jack-hammer, Hand-held Drills 
Ingersoll Rand Company 

(The "BCR, DCR and DDR” drills can be converted to water machines by adding a few parts. They can 
be operated by either compressed air or steam, but any rock drill operated by steam is only about 50-% as efficient 
as when operated by compressed air.) 


Data 

BAR33 

BCR430 

DCR13 

DDR13 

Bore of hammer cylinder 

Length of drill 

Size of hose 

Weight 

Type of service 

2^8 in. 
lo^i in. 

)>i in. 

21H lb. 

For light drilling 
in soft or me- 
dium rock to a 
depth of 4 ft. 

2% in. 

203.^ 

K 

47 lb. 

For the greater 
majority of ham- 
mer drill work 
to depths of 9 
ft. in hard rock 

2% in. 

2m 

V4. 

56 lb. 

For shaft sinking 
in average rock 

2% in. 

241.^ 

73 lb. 

For the heaviest 
and roughest 
hammer drill 
service to 
depths of over 
12 ft. in the 
hardest rock 


Rotator Hammer Drills — Hand Held 
Sullivan Machinery Company 


Data 

! 

L-7 

L-7 

DP-331 

L-5 

T-3 

Solid or 
hollow-piston 
rotator 

Air or water- 
tube rotator 

Steam-tube 

rotator 

Medium- 
weight hollow- 
piston rotator 

Water drifter 

Depth of hole 

12 ft. 

45 lb. 

Ni in. 

12 ft. 

1 47 lb. 

H in. 

6 ft. 

50 lb. 

% in. 

12 to IS ft. 

75 lb. 

1 in. 

12 to 25 ft. 

! 156 lb. . 

1 in. 

Weight 

Size of hose 



% 



Pig. 22.— Air operated drill steel sharpener, Sullivan Mchy. Company. 
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Drill Steel and Bits , — Since high-grade alloj’ drill steel requires low heat and great care in 
forging, a good carbon steel is almost universally used. Also, it is hard to distinguish between 
an alloy and a carbon steel by appearance alone, and where both are on the job difficulties in 
storage are encountered. Hollow-steel bits are more difficult to temper and dress than are solid 
bits. The nature of rock and size of hole should govern the grade of steel chosen. Octagon, 
hexagon, and round are the shapes commonly used, the first two being in special favor, since 
they offer more grip to the chuck and are, therefore, rotated more easily. Steel may be obtained 
in lengths from 2 to 25 or 30 ft. 


Drills may be forged, dressed, and tempered either by hand or by special machine. Portable sharpeners 
(Fig. 22) and oil or gas furnaces for heating are available- The machine sharpeners do all upsetting and swaging 
to uniform dimensions. Small steel furnaces wnll hold about a dozen 


bits. The light-weight sharpener weighs about 1100 lb-, and the furnace 
about 1000 lb. 

The design of the bit will play an important part in the cutting effi- 
ciency. The double-taper bit is the most important development of recent 
years in drill steel. It keeps the hole smooth, increases speed, reduces break- 
age, and keeps the hole to gage. The bits shown in Fig. 23 are used in 
American practice with the cross-bit the most common. Information on the 
type of bit to be used on various classes of drilling service may be obtained 
from the manufacturers of rock-drill equipment. 

2c. other Pneumatic Excavating Tools. — Pneu- 
matic clay spaders and concrete breakers can be used to unusual 
advantage where hard digging is encountered and speed is 




Fig. 23. — Drill bits, IngersoH-Rand Co., N. Y. Fig. 24. — Pneumatic day spader, Chi- 

cago Pneumatic Tool Company. 


desired. Both operate similarly to the pneumatic hammers. The clay spader (Fig. 24) is 
particularly useful in excavating caissons where the groimd is not sufficiently hard to be drilled 
and yet is too hard to be handled readily by hand pick and shovel methods. The tools weigh 
from 25 to 50 lb. In addition fio the spade, asphalt cutters, chisels, and other tools may be 
inserted. The concrete breaker or demolition tool is especially useful in removing old concrete 
from excavations and may be employed to drill occasional blast holes in rock by using a hollow- 
driU steel. It weighs about 75 lb. 


MATERIAL TRANSPORTING EQUIPMENT 
By Waldo G. Bowman 

For the transportation of such materials as earth, rock, sand, cement, and wet concrete, 
the wheelbarrow, the wagon or trailer, the motor truck, and the belt conveyor are the out- 
standing pieces of equipment. 

3 . Wheelbarrows. — Wheelbarrows for construction work are preferably of all-steel con- 
struction. The box of such harrows is made in a variety of shapes and sizes to meet different 
requirements. The efficient use of wheelbarrows is limited to about 150-ft. runs in general. 
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4. Wagons. — The type of wagon in most general use for building construction purposes 
has a drop bottom. Trailers are differentiated from wagons largelj" by the fact that they are 
fitted for motor-truck or tractor attachment. The slat-bottom wagon also is sometimes used. 

Drop-bottom wagons are made in various sizes ranging from 1 to 5 cu. yd. capacity with 1 to 2>'2 cu. yd. wagons 
being most common^ the size depending on the conditions of haul and the loading arrangements. This wagon is 


Fig. 26. — Crawler trailer with rear dump operated by tractor driver, Athey Company. 

built in the shape of a rectangular box with sloping ends and sideboards, the bottom consisting of two doors which 
open downward. One side of each door is hinged to the sideboard, and the other is connected by a chain through 
pulleys to a winding drum under the driver’s seat. The driver may thus release the load and then bring the doors 
back to closed position by a ratchet lever without stopping his team. Bottom-dump wagons are usually equipped 
with heavy tires of broad tread to enable them to be used on fairly soft ground. 
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For efficient service on ali kinds of hauls, the crawler-mounted trailer either of the bottom-dump (Fig. 25) or 
end-dump type (Fig. 26) is best. In combination with a crawler tractor both give unusually good results. Because 
of its ease of handling on soft ground, the crawler trailer can be built in large sizes, some models having capacities 
of from 7 to 15 cu. yd. On these trailers there are two sets of bottom-dump doors, one in front and one back of 
the axle, and these are operated similarly to the bottom-dump doors of other wagons. 

5. Motor Trucks and Tractors. — Motor trucks, for speed and long hauls, and crawler- 
mounted tractors, for hard pulling and heavy operation, are available in a variety of sizes. 
Motor-tmck capacities range from 1 to 10 tons with the 1-, 3-, and 5-ton capacities being most 
adaptable to building construction. Steel bodies of the rear-dump type are the most usual on 
motor trucks, the dumping being accomplished by a power hoist which raises the front part of 
the body. Use of light-weight trucks is worthy of careful consideration on small operations 
where the cost of upkeep of larger trucks would not be warranted. These are available in sizes 
as small as any contractor would desire. 

The crawler tractor, operated by gasoline or Diesel engines, and ranging- in size from the 
small Fordson to huge 100 hp. models, are supplanting animals on the majority of building exca- 



Fig. 27. — Caterpillar tractor powered with Atlas-Imperial Diesel engine. 


vation jobs. On a job where the material can be loaded in the hole, a crawler tractor and a 
trailer will be found most efficient units. If access to the excavation is not possible, motor 
trucks loaded at the edge of the site by grab buckets operated by derricks 
or cranes will be found advantageous. 

6. Belt Conveyors. — The belt conveyor as a piece of transportation equipment on the 
building construction job is rapidly making a name for itself. Used only intermittently several 
years ago, its adoption has become general for transporting earth and wet concrete (Figs. 29 
and 30). Its usefulness in moving sacks of cement from the ground to the concrete-mixer 
platform has long been recognized. 

Belt conveyors are of two types, portable and stationary. The portable conveyor is, of course, limited in 
length but has been built as long as 100 ft. Operation may be either by electric motor or gasoline engine. Belts 
are usually four-ply with a thin rubber covering on one side. Common widths of belts are 18, 24, 36, and 48 in. 
Belt carriers or idlers (Fig. 28) consist of three or more roller- or ball-bearing-mounted rolls arranged in the shape 
of a trough. 

Stationary belt-conveyor installations are generally the result of a special design made for a particular job. 
On such installations discharge points may be located at will, and, all in all, the layout can be made as flexible as 
desired. In such cases, however, a belt-conveyor manufacturer should be specially consulted. 




■ s'* 


Width of belt, 
inches 

Cross section 
of load, 
square feet 

Weight of material, in pounds per cubic foot 

25 

50 

75 

100 

125 




Tons per hour at 100 ft. 

per min. 


14 

0.114 

8.6 

17.2 

25.8 

34.4 

43.0 

16 

0.149 

11.2 

22.4 

33.6 

44.8 

56.0 

18 

0.189 

14.2 

28.4 

42.6 

56.8 

71.0 

20 

0.233 

17.5 

35.0 

52.5 

70.0 

87 . 5 

42 

1.029 

77.2 

154.4 

231.6 

308.8 

386 . 0 

4S 

1.344 

100.8 

201.6 

302.4 

403.2 

i 

504.0 
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Fig. 28 


. — A belt conveyor carrier 


Fig. 29. — Barber-Greene belt conveyor transporting mixed concrete. 


Capacities op Belt Conteyor Usijs'g Three-Pulley Carriers 

Jeffrey Manufacturing Company 
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In addition to the portable belt conveyonsj portable bucket loaders will be found of advan- 
tage in loading materials such as sandj gravel, and crushed stone into trucks and bins. As 
a general rule, the same companies manufacture bucket loaders as manufacture portable belt 
conveyors. From them can be secured opinions as to the suitability of each machine for a 
particular set of conditions. 



Pig. 30- — Belt conveyor removing earth excavation, Chain Belt Co. 


PILING AND PILE-DRIVING EQUIPMENT 
By Waldo G. Bowman 

7. Sheet Piling. — Sheet piling, made either of planks about 2 X 12 in. in size or of steel 
shapes, is driven before the excavation is begun and generally below the grade of the final 
excavation. Its functions are to prevent leakage of water or of soft materials such as quick- 
sand and to withstand the lateral pressure of adjacent ground. In some cases, where a 
permanent retaining wall is advisable, steel sheet piling may be left in the ground and suitably 
anchored. 

7a. Wood Sheet Piling. — When timber piling is used, the planks are driven close 
together and, to secure water tightness, are made double and triple lapped. The joints in use 
are tongue and groove or grooves cut in each side of the plank with a tongue driven separately. 
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"WTaat is known as the Wakefield pile (Fig. 31) consists of three planks bolted together to form a tongue on one 
.side and a groove on the other. This gives practically water-tight construction, but as the planks are driven as a 
unit, the resistance to driving is considerable. By careful selection and grading of the center plank, a good joint 
can be secured. Three advantages are claimed for this type of piling, namely, (1) knots, cross^grains, and other 
defects can be seen, though it is unlikely that these defects would come at the same point of the pile; (2) there is 

no waste in forming the tongue and groove, and there is less tendency to buckle or 
w-arp before driving; (3) only one side of each pile is sharpened, the long edge 
being placed next to the last pile driven, which crowds the new pile against the 
old one and helps to make a tight joint. 

76. Steel Sheet Piling. — Steel sheet piling has rap- 
idl 3 ^eome into extended use. While the first cost is higher than 
that of wood, its life is longer, and the pile is easier to drive. Also, 
whereas steel sheet piling may be used several times, timber piling 
will not survive usually over one or two drivings. 

Steel sheet piling is made by a number of manufacturers, 
each making special claims for its own product, such as interlocking 
features, strength as based on the shape of the cross-section, and 
ability to form offsets and to turn corners. Steel sheet piling is 
made in straight-web and arched-web types. Taper piles are 
available to make final closure of a piling wall, since most walls driven one pile at a time lose 
distance at the bottom. 

Lackawanna Steel Sheet Piling 

Bethlehem Steel Company 


to 

S8. / lb. per lineal -foof 
4S.5 Ib.persif. /*/. of wall 






Fig. 31. — Wakefield w’ood sheet 
piling. 



Arched -Web Section 
40.8 Ib.per lineal fool 
35. 0 Ib. persq. ft of wall 



Section number 

Weight per 
lineal foot, 
pounds, 

Weight per 
square foot, 
of wall, 
pounds 

A 

B 

C. 

SP 15 

42.6 

34.1 

15 in. 

3H in. 

H in. 

SP 126 

40.9 

38.5 

i mi in. 

in. 

H in. 

SP 12 

37.2 

35.0 

i 12^.^ in. 

34^4 in. 

H in. 

SPS 

14.7 


8H in. 

2H in. 

in. 

SPSg 

17.8 

25.1 

SH in. 1 

2H in. 

i 

% in. 
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Ex+ended Channel SecVion Channel Seciion 

3Z.S Jb.per lineal foob ^Nper lineal fool- 

23J5fb persq.ffofwaH ZW !bperscf.fi.of\\fall 


Larssen Steel Sheet Piling 



Larssen S+ecl Shee-h Piling 


Section number 

Weight per 
lineal foot, 
pounds 

Weight per 
square foot, 
pounds 

Section 
modulus 
per foot of wall 

A 

B 

C 

la 

22.3 

17 

7.07 

15^ in. 

2^6 in. 

5-^2 in. 

I 

26.25 

20 

9.3 

15^ in. 

215^6 in. 

in. 

II 

32.8 

25 

15.8 

lofi in. 

in. 

^^2 in. 

Ill 

42.0 

32 

25.35 

15^ in. 

4H in. 

He in. 

IV 

50.5 

38.5 

37.89 

lo^i m. 

6H in. 

8 ^^4 in. 

V 

67.63 

49 

55.1 

16M6 in. 

6^4 in. 

H in. 


8. Pile Driving and Pulling Equipment. 

8a. Pile Drivers. — A pile driver (Fig. 32) is used in driving either timber or 
concrete piles and consists of two main parts — ^the bed and the leads. The bed is mounted on. 
rollers and supports the operating machinery. Pile drivers are mostly steam operated, since 
steam is commonly used in driving. The operating machinery consists of a vertical boiler, an 
engine, and a two-drum hoist, one drum for the pile line, the other for the hammer line. The 
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bed is composed of timber sills long enough to allow the boiler, etc., to be set back far enough 
from the leads to pro\ide proper balance. 

The leads are long vertical members rigidly connected to the sills and framed with backstays 
to form a tower. They carry sheaves at the upper ends for the hammer and pile lines and 
along the sides are guides for the hammer. Leads in the smaller drivers are composed of 
wood, suitably cross-braced, with the front open to allow for placing the pile and for the opera- 
tion of the hammer. In the larger-sized drivers, leads are made of structural steel. In any 

case, the leads must be of sufficient length and 
strength to hoist a pile from a position on the 
ground to the starting position. 

In driving precast concrete piles, the pile driver and its 
equipment are called on to withstand greater stresses than is 
the case when timber piles are used. Precast piles of 30-ft. 
lengths average 4 tons, and larger piles from 6 to 8 tons in 
weight. 

Cranes with leads suspended from the boom are often 
used, especially when driving sheet piling. Whenever pos- 
sible, however, fixed leads should be used, as it is extremely 
difficult to keep the hammer in a vertical position with the 
swinging lead and, at the same time, to allow the full weight 
of the hammer to rest on the pile. 

In driving piles belcw the reach of the leads, two methods 
are available. One employs a “follo'wer,” which is a stick of 
timber with some socketing means of holding the tool in proper 


Fig. 32. — Steam hammer showing detail of hinged 
leads, ram, and driving cushion, Raymond Concrete 
Pile Co. 


Fig. 33. — Vulcan drop hammer, Vulcan Iron Works 
Chicago, 111. 


alignment. The other method, not so much used, utilizes telescopic leads fitted inside the stationary lead and 

handled by a third drum. , , . , • vx r i. j 

The total weight of a pile driver wiU depend on the size of pile to be driven and the weight of hammer used. 
These, in turn, wiU determine the dimensions and weights of sills, leads, and engine. An approximate weight of a 
driver using 50-ft. wood leads with a 4000-lb. hammer which will require an X 10-in. engine weighing 12,000 lb. 

will be 15 to 18 tons. , , . . . , j j 

Where jetting is to, be carried on in conjunction with pile driving, the driver is equipped with a third drum or 


niggerhead to carry the line supporting the jet pipe or pipes. 

8&. Pile Hammers. — Hammers are designated, according to their method of 
operation, as gravity hammers or power-operated hammers. 

Gravity Hammers . — Gravity hammers are of two kinds drop hammers and single-acting 


steam hammers. . i i - • j i. 

Drop hammers (Fig. 33) are so called because they consist of a weight hoisted m guides to 
and allowed to fall. At the top is a ring to attach the line, and at the sides are 
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grooves to fit the guides of the pile-driver leads. Drop hammers are made relatively long to 
insure bearing in the guides and to prevent jar when the blow is struck. The bottom is made 
slightly concave if it is to strike the head of the pile direct, but where caps are used the bottom 
of the hammer is flat. The center of gra\dty of drop hammers is located as low as possible. 

The hoisting and release of drop hammers is accomplished by two methods. One is by means of a friction 
clutch on the drum, the hammer being hoisted to a desired height, when the clutch is released. The blow is, there- 
fore, equal to the hammer weight falling through this distance less the friction of the guides and the pull to unwind 
the line from the drum. The other method is to attach the line to a block incorporating triggers which auto- 
matically release the hammer at a desired height. Here the full force of weight and distance, less friction of the 
guide only, is utilized in driving. With the first arrangement, either light or heavy blows may be obtained, and no 
time is lost in reconnecting line and hammer after the blow is delivered. In the second ca.se, a blow of a set value is 



Fig. 35. — Double-acting steam Fig. 36. — Union pile hammer 

hammer, Vulcan Iron Works, double acting; equipped with stand- 
Chicago, 111. ard round pile base. 

struck and cannot be altered unless the trip for the trigger is changed. Time is also lost in this method, as the 
trigger block must fall to connect with the hammer which must again be hoisted before the next blow can be de- 
livered. 

The weight of the hammer used with any rig should at least equal the weight of the pile, and best results are 
obtained wnen the ratio is about 2: 1 in favor of the hammer, so that the pile will be driven into the ground after the 
inertia of the pile has absorbed its portion of the hammer energy. The fall should, however, not be too great, as 
time is thus lost between blows. Better results are obtained with a heavy hammer falling a short distance than 
with a light hammer falling a long distance. An average weight for a hammer is 3000 lb., and falls vary from 5 
to 20 ft. 

In the steam-operated gravity hammer, usually known as the single-acting steam hammer, the ram is lifted by 
steam or compressed air and allowed to drop by gravity. The force supplied by the ram is supplemented by the 
frame of the hammer which, is of considerable weight and rests on the pile. The frame is attached to the hammer 
line and has jaws on the side to engage the guides. The ram mechanism consists of a steam cylinder and a piston. 
These hammers are useful where a heavy battering action is necessary such as in driving through a layer of shale or 
of buried logs or loose rock. Most modern hammers use large enough exhaust ports that compressed air can be 
used interchangeably with steam for power. 

Power-operated Hammers . — As in the steam gravity hammer, either steam or compressed 
air can be used in power-operated hammers. In the latter, however, the ram does not drop by 


Fig. 34. — Single-acting steam 
hammer, Vulcan Iron Works. 
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gravity but is forced down by the expanding gas. Power-operated hammers are usually desig- 
nated as double acting. The double-acting hammer delivers rapid blows (the largest hammers 


Fig. 37. — McKiernan-Terry pile hammers, double acting. 


Pig, 38, — One-man pile hammer driving wood sheeting, Union Iron Works. 

two blows per second) of short strokes varying from 3K to 20 in. Thus, as compared with the 
single-acting hammer, which has a stroke of from 36 to 48 in., the double-acting hammer more 
nearly keeps the pile in motion downward, once it is started; with skin friction largely elimi- 
nated, the entire force of the blow can be used to overcome point resistance. 
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In both single- and double-acting hammers, the weight rests continuously on the pile, and vibration and side 
sway are effectively reduced. Where the hammer is used ^vithout leads, however, some sides way results and 
makes the hammer’s operation far from ideal. In general, the double-acting hammer is lighter, its length of stroke 
is shorter, its weight of striking parts is less, and the number of blows per minute is greater than in the single- 
acting hammer. The cost of a double-acting hammer varies from $200 for a 95-lb. hammer suitable for sheet pile 
work to $3000 for a 13,000-lb. hammer suitable for 21-in. piling. 

Numerous advantages are claimed for the single- and double-acting hammers over the drop hammer. Among 
these are: (1) Serious damage to the piles, such as brooming, spUtting, etc., is avoided (especially in using the double- 
acting hammerj, therefore saving the expense of putting rings on the 
head of the pile and also allowing the use of softer wood; (2) more 
piles may be driven in a given time with a smaller crew; (3) less injury 
is caused to adjacent buildings by cracking of plaster, breaking of 
glass, etc. (the double-acting hammer being more efficient in this 
regard); (4) the life of the leads is increased three to four times; (5) 
the cost of driving is less in spite of higher first cost; (6) the speed of 
driving is greater as the pile is kept in motion (this being more espe- 
cially true of the double-acting hammer). 

Small hammers suitable for driving wood sheeting can be 
obtained for one-man operation, striking a 300- to 400-lb. blow and 
weighing from 100 to 220 lb. They are usually operated by com- 
pressed air. Ordinary pneumatic pavement breakers are also fitted 
with suitable jaws for this work. 


8c. Pile Caps and Points. 

Pile Caps . — When driving timber or concrete piles 
with gravity hammers, a driving cap is sometimes used 
between the hammer and the pile head. This cap, in 
one design, consists of a metal block, one side of which is 
concave, the other recessed, in which is fitted a round wood 
cushion block. In cross-section it resembles a drop ham- 
mer, having jaws in the side to engage the guides, and is attached to the hammer by rope 
slings. When a cap is used, the hammer base is flat. If the use of such a cap is insufficient 
to prevent brooming or splitting of the head of a pile, an iron ring, made from flat wrought iron 
from 2 X % to 4 X 1 in. may be forced over it. Such rings may be removed and used over 
again many times. 



Fig. 39. — Raymond pile cap. 



Fig. 40. — Filling pieces for McKiernan-Terry hammers. 


With double-acting hammers, in driving either bearing piles or sheet piling, caps are not 
ordinarily used, but, instead, various attachments are available which fit these hammers for 
the different types of service. ' Thus, there are special hammer bases for driving round piles, 
concrete piles, steel sheeting, and wood sheeting. In the last two cases, they are known as 
filling pieces (Fig. 40). 

Pile Points or Shoes . — Timber piles drive better in ordinary ground and with less danger of 
spreading if the tip is square and without point or shoe. This also gives a better footing to the 
pile. When coarse gravel, boulders, and the like are encountered, the pile is preferably pointed 
to reduce sticking and crushing. Likewise, in hard compact earth which must be displaced, 




872 


HANDBOOK Ob' BUILDING OONSTRVCriON 


[Sec. 


pointing is found to give better results. Metal shoes are provided in some cases when boulders, 
riprap, very hard clay, and hard sand are encountered. Several types are in use, but the 
t>T)e which gives a square bearing to the tip of the pile and also sufficient socket to make the 



Fig. 41. — Pulling steel sheet piling with inverted hammer. McKiernan-Terry Fig. 42. — Air or steam 
Drill Co., N. Y. sheetpiling extractor, Vulcan 

Iron Works. 

pile and the shoe act together is the most desirable. Some shoes for wood piles are made with 
a rod which fits into the center of the pile as an additional means of holding the pile and shoe 
together. This rod is from 8 to 12 in. long and requires that provision be made for it in the 
pile. Precast concrete piles, if of good quality, should not require driving shoes. 

Caps and shoes are not generally required for 
timber sheet piling, as, due to its section such pro- 
tection is not necessary. In some cases, a bolt or 
short point is attached but as a means of keeping the 
groove clean throughout its length so that grouting- 
may be einplo 3 ’'ed to insure a tight waterproof joint 
rather than as a penetrating point. 

Steel sheet piling requires no shoe, as it will cut 
its way through almost any material but hard rock, 
and the top is sufficiently resistant to withstand the 
hammer blows without serious injury. 

8d. Pulling. — Sheet piling is usually 
removed when that part of the work for which it has 
been necessary has been completed. Piling may be 
removed by jacks, by inverting a double-acting ham- 
mer, by levers, or by special pullers. Sometimes, 
round piles must be pulled, in which case a sling is put 
aroimd the head and attached to a long lever, this lever being operated by derricks, jacks, or some 
other convenient means with new hitches taken as the pile moves upward. Often it is neces- 
sary to strike a few blows with a hammer to start a pile or else to keep the sling taut for some 
time before the pile begins to move. 



Fig. 43- — Lackawanna pile puller, Bethlehem 
Steel Company. 
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In pulling steel sheet piling, best results are obtained by using a special puller or by inverting a double-acting 
liammer whose rapid, short strokes tend to jar the pile loose. Once the pile is loose, pulling is easy. In using an 
inverted hammer, a yoke of steel plates having holes drilled in it to correspond with holes in the piling is fastened 
to the latter by bolts (Fig, 41). A better method than using the rigid steel yoke is to substitute a wire cable. .This 
will flex as the hammer pulls sideways, w'hile the rigid yoke will either break or become permanently distorted, 
Several special pullers are shown in the accompanying illustrations. 


PUMPING EQUIPMENT 

By Waldo G. Bowman 

Water in excavations or in footings or trenches must be removed by pumping. For build- 
ing excavation work, there are available diaphragm pumps, siphons, steam pumps, centrifugal 
pumps, and reciprocating pumps. The size and type of pump to be provided on a particular 
job will depend upon the relative positions of the suction and discharge, upon the amount of 
water, and upon the amount of sediment carried by the water. 



Fig. 44. — Open-top diaphragm pump. Chain Belt Company, Milwaukee. 


9. Diaphragm Pumps. — The diaphragm pump is one of the most used types of pump, if 
not the most used type, for building foundation work. It consists of a rubber diaphragm con- 
taining a flap valve, mounted horizontally in a cylindrical frame. Connected with the center 
of the diaphragm is a pivoted arm which when moved causes the diaphragm to act as a 
piston of large area and short stroke. The suction line connects with the space beneath the 
diaphragm, and the discharge is above the diaphragm. In the open-top diaphragm pump, 
the water merely flows from the top of the diaphragm, while in closed-top diaphragm pumps 
it is forced out through a discharge pipe. Diaphragm pumps are actuated either by gasoline 
engines or by electric motors. 

Diaphragm pumps are noted for their ability to handle water containing mud, sand, gravel, etc. They will also 
work satisfactorily even though the water supply varies or disappears entirely, in the latter case running dry without 
damage, usually “picking up” the suction whenever suflGlcient water accumulates around the suction-pipe opening. 
Open-top diaphragm pumps naturally must be placed above the drain into which the pump discharges. The 
closed diaphragm pump may be used in this same way, but it is primarily intended to be used wherever the discharge 
point is located above the pump. In deep excavations, closed-top diaphragm pumps can be placed 20 or 25 ft. 
above the water level, and the discharge hose led up over the edge of an excavation to a heigh^t dependent on the 
pressure available, Diaphragm pumps are available in single or double types. They are usually furnished 
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mounted on steel trucks, although skid mountings and two- wheel or four-w’heel rubber-tired mountings can be had. 
The capacity range in diaphragm pumps is between 40 g.p.m. for a single-pump unit to 325 g.p.m. for a double- 
pump unit. Conservative rating for water lift is 20 ft. for the open-top and 30 ft. for the closed-top diaphragm 
outfit. The usual suction-pipe size on diaphragm pumps is 3 or 4 in. 



Fig. 45. — Double closed-top 4-in. diaphragm pump, Novo Engine Co., Lansing, Mich. 


10. Steam (Syphon-type) Pumps. — An economical steam-actuated pump, much used in 
construction work, operates on the familiar ejector plan. Its lift is limited, but the amount of 
water handled ranges from 5 to 200 g. p. m., according to size and to boiler pressure avail- 
able for its operation. Its main advantages are portability and freedom from breakdowns, since 

there are no moving parts. The pulsometer (Fig. 46) is one 
design of this type of pump. It is said to operate satisfactorily 
even when stones as large as 6 in. in diameter are to be removed 
with collected water. Having no moving pistons the pump 
will not clog; and by having large valves, stones and refuse 
of considerable size will pass. In most installations, the pulso- 
meter is suspended by a chain or rope over the water to be 
removed as shown in Fig. 46. Steam and water connections are 
made with rubber hose so that the outfit is easily moved from 
place to place. Pulsometers may be connected in series where 
the total lift is greater than the lifting ability of one alone. 

11. Centrifugal Pumps. — Centrifugal pumps comprise a 
circular or spiral casing having suction at the center with dis- 
charge at the outer circumference. They are made vertical 
or horizontal (meaning the position of the axis of rotation), but 
the latter is more conqmon since the means of driving is simpler. 
Ordinarily, these pumps are directly connected to gasoline 
Fig. 46.— Pulsometer steam pump engines or electric motors. Inside the casing is a circular disc or 
in operation. Pulsometer Steam impeller . provided with curved vanes which revolves at hiffh 

iNl • JL m « xl— * 1 

Speed, tnrowmg the water outward so that it escapes through the 
discharger under pressure- Pumps of this type are made either single or multiple stage, the 
latter being several units placed in one casing to increase the lift. No valves,, except a foot 
valve on the suction line, are required, and for this reason a certain amount of sand can be 
handled with the watc?r- 






Fig. 47. — Centrifugal pump direct connected to gasoline engine, Novo Engine Co- 


Fig. 48. — Triplex outfit pumping 110 g.p.m. at 450-lb. pressure. Novo Engine Co. 

12, Reciprocating Pumps.* — Reciprocating pumps consist of one or more cylinders with 
inlet and discharge valves, opened and closed when the piston is moved back and forth in the 
cylinder (usually by means of gearing and a crank and pitman). On the other hand, steam 


Centrifugal pumps are particularly suited to handle large quantities of water when the supply of water is 
constant, so that the suction pipe is kept covered. In the event of air getting into the suction, some means of 
priming must be resorted to such as a pet cock in the top of the casing through which the pump and casing can be 
filled with water. Suction diameters vary in size from 3 to 10 in., with corresponding variations in the capacities 
in gallons per minute of from 100 to 2500. 
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power is sometimes used, in which case the pump has cylinders on both ends of the pkton rods, 
one end for steam, the other for the water. Single-acting pumps are those in which the fimd 
is admitted at one end of the cylinder only and is delivered when the piston or plunger is travel- 
ling in one direction. In a double-acting pump, the fluid is admitted at both ends of the cylinder 
and is delivered at both strokes of the piston. Reciprocating pumps with two or three cylinders 
are knowm as duplex and triplex pumps respectively. The advantage of the multi-cylmder 
type is that the discharge flow is more uniform than can be obtained with a single-cyluider 
pump. 


Reciprocating pump.^ xitiUzing a special patented oiling system have been developed by the Novo En^ne Com- 
pany for unusually high-speed pump operation. Whereas, 65 to 75 r.p m of the pump crankshaft is ordinarily a 
maximum on heavy-duty plunger pumps, the triplex pump of the above design operates at 200 r p m. The result 
IS unusually smooth pump operation. The single-cylinder double-acting piston pump of this design is available 
^ith a 2-m. suction and discharge opening and in various capacities from 2o to oo g.p.m. The duplex doubl^aeting 
pump is available in 2-. 2ji-, and 3-m suction and di.seharge. with displacements varying from o to 100 gp.m. 
The triple.^, single-acting pump is available m a 3-in suction and discharge size and has a displacement of 80 to 
100 g.p.m. with a pressure range of from 400 to 500 lb. per sq. in. 


CONCRETE EQUIPMENT 

By Waldo G. Bowman 

Concreting, including botii the manufacture and the placement, is probably more depend- 
ent upon equipment than any other means of construction. As the demands placed upon con- 
erete structures increase, this equipment becomes more varied and more complex. Handling 
forms, bending and handling reinforcement, storing and handling aggregates, proportioning, 
mixing, and placing concrete, each requires special machines. The first responsibility of the 
concrete-building contractor should be to see that he has the best and most modem equipment 

available. ^ , 

13. Forms. — Wood forms can be constructed on the job. Ordinary carpenter s tools can 
be used, but if the amount of work is large, electric or air motor handsaws or gasoline or electric- 
powered saw tables are available. Steel forms for columns and for ribbed and flat-slab floors 
are available from several manufacturers. Ordinarily, these forms are rented and not sold. 
Or the coiiipanv furnishing the forms will do all formwork with its own forces under a sub- 
contract. Dependent upon the size of the floor panels, their weight, and the headroom^ avail- 
able, one or another method of handling forms may be adopted. Derricks, gin poles and winches, 
or blocks and falls enable even large sections to be readily handled. Smaller sections may be 
better handled manually. Initial loosening of forms may be brought about by pinch bars or 
other levers, by pulling with blocks and falls, or by jacks, care being taken not to pry against 
green concrete. 

14. Bending Reinforcement. — Fig. 49 shows the Universal bar bender which may be 
fastened to any bench or plank. It is a light portable device weighing about 60 lb. and capable 
of bending all ordinary sizes of reinforcing bars to any angle desired without any adjustments, 
being necessary. The top half of the bender can be removed and used to bend bars after they 
are in place. The bar roils around the pin in bending, thus distributing the strains along the 
bar and reducing tlie chances of fracture at the bend. The bender is equipped with a 5-ft.-long 
crowbar for a handle which may be removed and used for other purposes. lo bend large 
reinforcing bars easily, the handle should be lengthened by using an iron pipe over the crowbai. 
A similar bender, manufactured by the Ransome Concrete Machinery Company, and shown in 
Fig. dl, will bend bars up to Ds ki- square or round. With this machine tlic^size of bend ma\^ 
be varied by moving the pin. Once the pin is set, the handle is pulled the full distance, and all 
resulting bends are exactly equal. 

A bar bender designed for hea'vy work is manufactured by the W allace feuppHes Company , Cnicago, 111. 1 his 

machine has an auxiliary ratchet lever which operates a pinion against a series of teeth in the frame at a large ratio, 
thus developing great power. The ratchet panel may be thrown out of engagement, and the machine operated 
with the regular lever fur lifrlit work. 
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Fig. 52 shows a power-operated bar bender designed to bend any siae of reinforcing rod that is likely to be used 
in building operations. Any size of bar from to 134 in- round, square, or deformed can be bent to any angle 
desired; or spirals formed from 6-in. diameters to any required size. The weight complete, ready for shipment, 
is 2700 lb. The machine is manufactured by Kardong Bros., Minneapolis, Minn. 





Fig. 52. — Power-operated bar bender. 


16 . Storage and Handling Aggregate. — Sand and stone for the aggregate may be stored 
either on the ground or in overhead bins. The most usual equipment consists of steel bins, 
one each for the sand and stone, mounted over the mixer and discharging into it by gravity. 
These bins are originally charged by a crane operating a clamshell bucket, by a bucket loader, 
or by material elevators as shown in Fig. 64. These elevators are available either open or 
enclosed and in capacities ranging from 30 to 60 cu. yd. per hour. 

Steel or wooden bins are available from various manufacturers. The requisities of a 
storage bin are (1) steep slope of sides; (2) absence of bolts, nuts, or rivet heads within the bin; 
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(3) no flat bottom area; and (4) easy erection and dismantling. Bins are avaflable either in 
one-compartment or two-compartment types, the one-compartment type holding from 15 to 
40 tons, while the two-compartment bins range from 20 to 300 tons. Special three- and four- 
compartment bins are also available. In building operations it is often possible to locate the 
mixing plant in the basement with the bins above and their tops at either the first- or the 
second-floor level. The bins can thus be charged from motor trucks running into the budding 
on a ramp. It will be necessary to compare the space available with the desired capacity of 
the mixing plant in order to determine the size of bin required. 

16. Proportioning. — Proper proportioning of the ingredients of concrete is as important 
as the mixing operation. Three methods of proportioning are in use ^by volume, by weight, 
and by inundation, the last being a volume measurement for sand in a completely sub- 
merged state. Special batching equipment is necessary and available for all three methods. 



Fig. 53. — Blaw-Knox adjustable volumetric batcher. 


Where aggregate storage is on the ground and bucket elevators are used, batchers are 
sometimes attached to the top of the bucket elevators. Where bins are used, the batchers are 
attached directly below the bins and over the mixer. 

Volume batchers (Fig. 53) are steel hoppers equipped with a hinged door on the bottom, a means for quickly 
and accurately changing the volume, and a strike-off, gate which levels the material at the same time that it closes 
the bin discharge. Such batchers are furnished by the Blaw-Knox Company in two sizes i (1) minimum 9 cu. ft. 
to maximum 36 cu. ft. and (2) minimum cu. ft. to maximum 13 cu- ft. 

Batching by weight provides greater accuracy. Particularly is this true in measuring fine aggregate and sand 
where the bulking, due to moisture content, causes inaccuracies in volume measurement. Commercial sand bulks 
from 15 to 30 % in volume, and the possible inaccuracies in measurements by volume are thus seen to be consider- 
able. In measuring by weignt, the chief error arises in the inclusion of the weight of the moisture in the sand, but 
this can be easily determined and compensated for. The weighing batcher (Fig. 54) is similar in appearance to the 
volume batcher. It is a steel hopper connected by a system of levers to a standard beam scale. Weighing batchers 
are available in single or double types, the single type weighing the fine aggregate only, while the double type weighs 
both the fine and the coarse aggregate. For measuring bulk cement, specially tight weighing batchers are available 
and useful. Adjustable baffles are included in the weighing hopper so that an approximate setting of the hopper 
capacity can be made by volume for the weight of the batch of material to be measured. An auxiliary dial scale 
which attaches to the beam scale is furnished to register the last 200 lb. of material to be weighed. The baffles and 
the auxiliary dial are means of speeding up the operation of weighing batchers. Blaw-Knox weighing batchers are 
furnished in 1-, 2-, 3-, and 4-ton sizes. 

Inundation is a method of measuring sand which eliminates the inaccuracies due to moisture content. At the 
same time it makes possible the determination of the exact amoxmt of water, including the original moisture content 
of the sand, which is used in the mix. The inundator is foimded on the principle that the volume of all sand is 
constant when the sand is completely saturated or inundated. It consists (Fig. 55) of a self-dumping and righting 
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Fig. 54. — Blaw-Knox weighing batcher. 
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steel container with an adjustable bottom, a shaker gate, a strike-off gate, an excess-water measuring tank, and a 
water-charging tank- The inundator is suspended beneath the bin in the same manner as are other batching 
systems. The excess-water tank measures the additional winter required for the batch over that which is necessary 
to inundate tne sand completely. The inundators above described are adapted to medium and large installations. 
There is also manufactured a small inundator for use on the small job. It is operated manually, being mounted in 
a two-wheel frame similar to that used on a concrete buggy. These small inundators are available in capacities 
from 1.9 to 3.44 CU. ft. 



Fig. 56. — Blaw-Knox junior inundator. 


17. Types of Mixers. — All mixing of concrete for building operations should be by machine. 
Two types of mixers suitable for building operations may be classified as the drum mixer and 
the trough mixer. Gravity mixers, consisting of a series of large funnels suspended one above 
another and permitting, material to flow from one into the other by gravity, have been used but 
are seldom seen any more. Their efficiency is far inferior to that of the other types. In addi- 
tion to the gravity mixer, pneumatic mixers are available, but they seldom are adaptable to 
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Fig. 57. — Druin mixer. 


building operations. Their use has been confined to tunnels and similar construction, where 
access to the forms is particularly diffcult. Trough mixers are of the paddle or shovelling typo 
and are useful only for mortar and plaster mixing. The drum mixer, which includes the barrel 
shape as well as the drum shape itself, is exclusively used for concrete mixing at the present 
time. 

17a. Drum Mixers. — The mixing action in drum mixers is accomplished by. 
agitation, lifting, and pouring of the several materials by blades and scoops attached to the 
inside of the mixer drum. With the exception of the tilting or barrel mixers, discharge of the 
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materials from the drum is accomplished by inserting a trough into one side of the drum in 
such position as to catch the concrete as it is poured from the mixing blades. Barrel mixers 
discharge by tilting the drums. 


Fig. 58. — ^Lakewood 14-S mixer. 


Fig. 59. — Smith 21-S barrel or tilting mixer. 


Building mixers are available in certain standard sizes agreed upon by the Mixer Manufacturers Bureau, an 
association of most of the concrete-mixer manufacturers in the country. According to the latest mixer standard, 
seven siz^ of construction mixers are standard, as follows: 5-S, 7-S, 10-S, 14-S, 21-S, and 28-S. No inter- 

mediate sizes are manufactured, although sizes below 3J^-S and above 28-S may -be. The figure in thq 
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size approximately equals the guaranteed capacity in cubic feet of mixed concrete batch. The letter S 
designates construction mixers as against the letter E which is used for paving mixers. Construction mixers are 
guaranteed to hold their rated capacity when operating on level grade. Water-measuring tanks for each size of 
construction mixer have sufficient capacity to deliver the following minimum quantities of water per batch: 3l2“S» 
6 gal.; 5-S, 8 gal.; 7-S, 12 gal.; 10-S, 18 gal.; 14-S, 24 gal.; 21-S, 36 gal.; 28-S, 48 gal. Standard sizes of construction 
mixers are guaranteed to hold and properly mix the batches showm in the accompanying table. 


Propoetion akd Size of Batch lnt Bags of Cement for Various Standard-sized Mixers 




Fig. 60. — Rex 3K-S tilter on rubber-tired trailer, Chain Belt Co., Milwaukee, Wis. 


176. Time of Mixer Operations. — charging and discharging the mixer, a 
time limit is imposed both by the physical laws governing the flow of material from one con- 
tainer to another and also by the physical limitations of operatives and of the mechanism itself. 
Inasmuch as the time during which the materials remain in the mixer is fixed by specification, 
speed in mixer operation must be gained in charging and discharging. Many power-loading 
mixers at the present time synchronize the charging and discharging operations in such a manner 
that they overlap one another. Should the mixer be charged by wheelbarrows, the time, of 
course, is governed by the efiiciency of the layout and the men. Sufficient time should be 
given to the mixing operation itself. Seldom is too long a period of mixing used, so care should 
be to increase the time of mixing. Common lengths of time for mixing are 1, 1 and 2 min. 
These assume a clean and efficient mixer. Mixers with the drum half choked with concrete or 
the blading so worn that it cannot handle the materials will, of course, not operate efficiently. 

The manner of loading the mixer will be determined by the plant layout. In case overhead 
bins are used, charging may be by gravity. In case storage of material is in the street or on the 
floor, mixers using power loaders are best. These have the advantage of low loading as well as 
relatively high discharge of mixed material. All paving mixers are of the power-loading type. 
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Flo. 62. — Shoveling type mixer for mortar or plaster. Chain Belt Company. 
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and many building mixers follow the same general design. In case a power-loading mixer 
is not available, ramps may be built .up to the charging opening to permit wheelbarrow operation. 
18- Ready-mixed Concrete.— In many cities, particilarly the larger ones, central mixing 



Fig. 63. — Charging hopper mounted on mixer frame. 

plants have been installed from which ready-mixed concrete can be purchased in quantities for 
large or small Jobs. In some cases, the concrete leaves the plant in its wet and final form, while 
in others it is placed in the truck dry and water is added just before arrival at the forms. Both 



Fig. 64. — Enclosed bucket elevator charging bins. 

methods require special truck bodies. One type of body for hauling wet concrete is shown in 
I ig. <>5. Another type is in the shape of a cylinder which is revolved by a gasoline engine dui’ing 
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transit to insure against segregation. The mixer shown in Fig. 66 takes the batch dry and 
iidds water in transit. Two water tanks are provided. One contains the exact amoiint of 
water for the batch, while the water in the other is used for flushing the mixer after the batcli 
is dumped. The barrel is rotated by the truck engine through a power take-off. Blades and 
baffles in the drum provide the mixing action. 



Fig. 65. — Special truck body which remixes wet concrete as it is dumped, Hug Co., Highland, 111. 



Fig. 66, — Equipment for mixing concrete in transit. Transit Mixer Co., Inc., San Francisco. 


19. Transporting and Placing Concrete. — Providing means for transporting mixed concrete 
and for placing it properly in forms, both in first cost and in ultimate effect, ranks equal in 
importance with the operations of proportioning and of mixing raw materials. The means 
usually adopted include some sort of bucket, open spouts or chutes, barrows or carts, or belt 
conveyors. 
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19o. Barrows. — The use of barrows involves less original plant outlay than 
any other method. On the other hand, the ordinary wheelbarrow having a flat pan is not well 
adapted to distribution of concrete. With such a barrow a man can handle about lA cu- ft- of 
mixed concrete. The man’s working rate is necessarilj* cut down by the care which is required 
to keep the material from slopping over the side. Furthermore, by the design of the barrow a 
large proportion of the weight of the load is on the man’s arms rather than on the wheel. Deep- 
pan barrows have been designed to overcome this difficulty but have not wholly accomphshed 
the desired end. Two-wheel concrete carts (Fig. 67) are better adapted to this work than 
wheelbarrows, both because they can carry a larger load and because this load is balanced on 
the wheels themselves with little or no strain on the operator. The usual two-wheel concrete 
cart is of 6 cu. ft. capacity in which m cu. ft. of mixed concrete can be carried by one man. 



Via. 67. — Concrete buggy. 


19&. Buckets. — There is a great variety in types of buckets adapted to the dis- 
tribution of concrete. Some of these buckets are straight-side skips adapted to dump by 
overturning. Others are bottom-dumping buckets operated by a man at the form. These 
bottom-dumping buckets may be of various patterns adapted to some particular u-se. An 
example of this sort of bucket is shown in Fig. 14 in which the bottom is so constructed as to 
form a long narrow opening, actuated through a powerful lever mechanism. 

19c. Spouts or Chutes. — Handling concrete through spouts or chutes is more 
usual than any of the foregoing methods with the possible exception of distribution in carts. 
To raise concrete vertically in a tower located at the central mixer plant and distribute it by 
gravity through the chutes which can be arranged in convenient sections to cover any area 
within a radius of 300 ft. from the base of the tower appeals strongly both to engineering and 
to business sense. Yet, in spite of its many good points the convenience of spouting has 
brought about many abuses. 

In aU spouting installations, care must be taken to have the chutes at a working inclination. Furthermore, it is 
important to maintain a uniform pitch throughout the entire line in order that the flow may be even and uninter- 
rupted. The pitch, also, must be greater when the material is to be carried to a considerable distance than when it 
is to be carried only a short distance, since in the former case the friction of the concrete in the chute tends to over- 
come its initial momentum. A slope of 1 vertical to 3 horizontal is almost universal practice. It will be found that 
a somewhat steeper slope at times may be necessary, especially when using aggregate coarser than 2 in. Concrete 
with a slump as low as 23^ in. can be handled in chutes if they are properly arranged. An important thing ro 
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remember in connection with chuting is that uniform mixing of the concrete, wherein every batch is alike, eliminates 
many of the troubles sometimes encountered with chuting plants. 

The size of chute used should have a cross-section ample to convey, when it is running not more than two- 
thirds full, all of the concrete that it may be called upon to handle. Ordinary-sized chutes have a width of 12 in. 
and a depth of about 10 in. for the smaller sizes, and in the larger sizes a width of 18 in. and a depth of about 15 in. 
Flexible chutes for vertical distribution are ordinarily 10 in. in diameter. 

19c?. Sections Used in Chuting. — It is desirable that concrete chutes be arranged 
in a series of units which may be assembled in various combinations. Continuous-line chuting 
should be changeable to swivel-head or vice versa, as the conditions of the work require. In 
Fig. 69 are shown a number of chute sections. All of the chutes shown, with the exception of 
the one at the bottom, which is a continuous-line chute, are types of swivel-head chutes. The 
swivel-head chute has a hopper at the upper end and a deflecting plate at the lower end. In 
assembly, the swivel head of one chute is suspended by a hook and cross-bolt from the swivel 
plate of the chute preceding it. Such chutes are made in lengths varying from 10 to 50 ft., and 



Fig. 68. — Swivel hook. 


longers units are trussed. In a continuous-line chute, provision is made for attaching chains 
for support from an overhead cable. 

It is desirable to keep the number of chute supports to a minimum, and for this purpose counterweight chutes 
have been developed- Such a chute is provided with trussing, on the rear end of which a counterweight is placed. 
Counterweight chutes vary in length from 30 to 50 ft. and are easily shifted. In addition to the several types of 
chutes, numerous accessories are available such as various types of hoppers, line gates for diverting the concrete to a 
line of vertical chuting, and hopper switches for diverting concrete to either of two lines of chuting or dividing it 
between them. * 

Fig. 68 shows the swivel hook used in making the flexible joint between successive trough sections; the upper 
line of spouting is supported by a fall and tackle attach^ to the bail on the splash hood, while the lower line is 
supported by the swivel hook, connecting the low'er hopper head with the splash hood of the upper line. The swivel 
hook is kept clear of the path of the concrete. 

The greatest items of expense in chuting plants are first cost, installation, and maintenance. Maintenance 
charges are particularly heavy. The ordinary stock chute which is made of No. 12 or No. 14 gage metal can seldom 
handle more than 2060 to 3000 cu. yd. without renewal due to the abrasive action of the material. Because of this 
fact some chutes are originally sold with renewable liners. 
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19e. Towers. — Towers may be of either wood or steel. Also, the tower may be 
of typical four-post type, or it may be a single mast if made of steel. Such masts are coming 
into use as a most efficient unit on all types of building construction. Most of the steel-tower 
and steel-mast plants available have provision for quick and rapid shifting of the tower hopper 
upward or downward, thus giving positive and flexible adjustment to the chuting plant. Either 
towers or masts can be erected to practically any height. They are assembled in 15- or 20-ft. 
sections. 

The concrete bucket, lifted by a hoist at the mixer, operates within the tower, while in 
the case of a mast plant it slides on one face. On the opposite face of the mast a material 
elevator can be operated if desired. The buckets used are generally of the tip-over type, dump- 
ing automatically at the tower or mast hopper by the engagement of a roller on the front corner 



Fig. 71. — Mast hoist with boom and counterweight chute, Insley Llfg. Co., Indianapolis, Ind. 

of the bucket with a switch connected to the hopper. The size of the mixer is the governing 
factor in determining the size of the bucket, since buckets are furnished in sizes to suit any 
standard mixer. 

19/. Chuting Plants. — Chuting plants be classed as boom-chute plants, 
boom-and-counterweight-cliute plants, and continuous-line plants. 

Boom-chute Plants . — In this type, a 30- or 40-ft. section of chute is seated at its upper end 
on a bracket just below the hopper, and the lower end is tied back to a bridle just above the 
hopper. An additional swivel-head chute can then be connected to the lower end of the boom 
chute, giving a 60- or 70-ft, pouring radius with no floor support. This combination can readily 
be shifted by three or four men. 

Boomr-a7i(Ncounterweight-chute Plants.— In this type of plant, a counterweight chute 40 to 
50 ft. in length and a boom chute of the same length are connected. The counterweight chute 
swivels on the end of the boom chute. This combination is more easily moved than the boom- 
chute arrangement and gives a somewhat larger operating radius. 




mm 
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Continuous-line Plaiits, — This type of installation is used for work of limited height where 
concrete has to be placed at a distance exceeding 200 ft. from the mixer. This is particularly 
useful in certain types of low industrial buildings such as shown in Fig. 73. The chutes are 
hung from an overhead cable which with tall masts may be as much as 500 ft. long. 

Combinations of Chuting Systems. — Combinations of the above systems are used advan- 
tageously in one way or another in order to surmount special obstacles. Among such com- 
binations may be mentioned a re-hoisting tower which permits covering a wider area. In 
such a plant the concrete is distributed from the mixer and first tower through chutes to a hop- 
per at the base of a second tower when it is again elevated and distributed throughout the work. 
At times, a counterweight chute can be anchored at its rear end and will thus carry a 25- or 
30-ft. chute at its forward end without support. This will increase the radius of operation 
considerably. 


woodworking equipment 

By Waldo G. Bowman 

20. Power Saws. — ^Air, gasoline, or electric power saws will be found economical on any 
job where wood is employed to any great extent. Two types of saws are available, one a simple 
rotary saw mounted in a small frame and operated manually; and the other a more complete 



Fig. 74 . — Air operated handsaw, Crowe Mfg. Company, Cincinnati, Ohio. 


unit mounted in the form of a table. In the latter case, the motive power is mounted on a 
base under the table and belt connected to the saw mandrel or arbor. A rip or cross-cut saw of 
from 12 to 24 in. may be placed on the mandrej. 

T,able band saws may be employed where the material is not of large dimensions and 
where irregular shapes are to be cut. Circular rip or cross-cut saws will be found more service- 
able than band saws on jobs using large material in straight work. 

21. Jointers. — Jointers will be found useful where many close-fitting joints are required 
and may be obtained as a portable unit similar in general features to the table cross-cut saw. 

22. Combination Machines.- — Combination machines, including all of the above units, 
may be obtained from a number of manufacturer and have proved their worth. A typical 
machine carries the following equipment: 18-in. cross-cut and rip saws, boring attachment, 
6-in. cylindrical jointer, 10-in. emery wheel, saw table with adjustable gages for rip and cross- 
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cut work^ and a 6-hp. gasoline engine. This machine has ripping ability up to 64n. lumber 
and weigfis 2400 lb. 

23. Electric and Air-driven Boring Machines.—Portable boring iiiachmes for woodworking- 
are most useful appliances and save much time and labor. These are described under steel- 
erection equipment, tlie same machines accommodating both steel and woodworking drills 
and bits. 



Fig. 75. — Gasoline-powered saw rig with tilting table. 


HOISTS, DERRICKS, AND SCAFFOLDS 

By Waldo G. Bowman 

24. Hoists. — Hoists, whether actuated by hand or by power, are devices of the highest 
importance in all building operations. They are ordinarilly classified by horsepower or by the 
number of drums employed- In addition, power shovels, cranes, pile drivers, and other pieces 
of construction equipment are provided with auxiliary winding drums designed to serve as 
hoisting means for any purpose required; and these may or may not carry a classifying name 
according to local usage or may simply be termed '‘drums/’ “niggerheacls,” or “hoists.’’ 

24a. Power for Hoists. — As is the case with power shovels, steam, the once 
universal and still ideal power from an operating standpoint, is being superseded for hoist 
operation by gasoline or electricity on building operations. Gasoline engines are at the present 
time used most extensively. Usually, the power unit is supplied mounted on the frame with 
the drums for convenience in portability and to provide any necessary counterbalancing weight. 
The drums may be either connected direct to the engine or driven through silent chains and 
gears running in oil to provide the necessary speed reduction. Wood frictions, either bare or 
covered with an asbestos composition to prolong their life and efficiency, are used. Extra 
drums can be added to all hoists to extend their field of usefulness. The method of operation 
of all hoists— -gasoline, electric, or steam — is practically identical, so that operators have no 
difficulty in changing from one to another. 
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Small air or eiectrie-driven single-drum hoists of about 6 hp. are coming into extended use for handling loads up 
to 2000 lb. and often are a great advantage over hand hoists where compressed air is available as it is on most 
modern construction operations. Such air hoists (Fig. 81) w'eigh from 300 to 600 lb. and operate on 50- to 75-lb. 
air pressure. 



Fig. 76. — Double-drum steam hoist, Clyde Iron Works, Duluth, Minn. 



Fig. 77. — Singlcf-drum electric hod hoist, Mundy Hoisting Engine Company, Newark, N. .T. 

In practically ail hoists the drum is a cast-iron spool fitted with a rack at one side and a friction clutch at the 
other. The drum is carried loosely on a shaft to which are keyed the driving gear and the positive portion of the 
clutch. By means of a handle, operating through a friction screw, pin, and cross-key, the drum is pushed laterally 
until the two parts of the friction clutch engage. A spring placed between the drum and gear gives quick and 
positive release when tJOe pressure on the friction screw is removed. A band brake, operating when the clutch 
is disengaged, provides means for lowering loads by gravity. 
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246. Hand-operated Hoists. — Hand-operated, hoists are of several types 
block and fall, differential pulley, \rinch, or crab. In the first two types, no drum is provided, 
the line being coiled or allowed to lie as it is hauled. With the crab and winch, a drum is pro- 


Fra. 79. — Triple-drum three-speed hoist with swingiug gear; showing transmission box and silent chain drive, 

Mundy Hoisting Engine Company. 

Hand-operated hoists are used in cramped quarters or where the load is light, though with the differential 
pulley loads as great as 10 tons may be handled. Differential blocks may be suspended from any convenient point 
and are very adaptable and convenient. In these blocks, ropes are replaced by chains which grip positively on 
wheels which operate the hoist through a chain of gears. 
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24c. Power-operated Hoists. — Hoists powered by gasoline engines or electric 
motors are available in sizes ranging from 8 to 100 hp. In general, the number of drums and 
the horsepower determine the type of servdce for which a hoist is adaptable. Thus, single- 
drum hoists from 8 to 55 hp. are ideal for hod hoists or general material elevating purposes. 
They have a high speed of about 500 ft. per min. The double-drum gasoline or electric hoist 
from 20 to 100 hp. with line a pull of from 750 to 12,500 lb. and a speed of about 175 ft. per 
min. is suitable for heavier tower hoisting service and when used with a swinger drum, which 
can be attached, is adaptable for derrick work. However, the three-drum hoist, especially 
when fitted with a swinger drum, is most suitable for derrick service, either for excavating with 
a grab bucket or for hoisting structural steel and concreting forms. 

A special hoist with a three-speed sliding gear transmission (Fig. 79 }, similar to those used in motor trucks, 
has many advantages over the single-speed hoists which must be re-reaved to fit them for different kinds of service. 
The three-speed hoist is made in single-, double-, or triple-drum types in all sizes from 20 to 100 hp. On such a 
hoist the high gear can be used when hoisting light materials where speed is desired, and the lower-speed gears when 
hoisting heavier objects. Thus, on concrete tower work the high speed can be used to raise the bucket and the low 



Fig. SQ.^Hand crab, Clyde Iron Works, Duluth, Fio. 81 . — Small air hoist, Ingeraoll-Rand Co. 

Minn. 

speed to shift the sliding frames and hoppers from one floor to another. A typical speed range for a three-speed 
hoist is 175 f. p. m. in low, 280 f. p. m. in second, and 420 f. p. m. in high gear. The line pulls, of course, 
decrease as the speed increases. 

26. Derricks. — In simple terms a derrick consists of a mast, boom, bull wheel, and means 
of supporting the mast- Where the mast is held in place by severah ropes attached to a ring at 
the top it is known as a guy derrick; where two solid members placed at an angle with the 
horizontal are used it is a stiff-leg derrick. Mast, boom, and legs may either be solid sticks of 
timber or built of latticed structural steel. 

A special stiff-leg derrick (Fig. 82) with full-circle swing and with the hoist mounted 
directly over the bull wheel has an advantage in maneuverability over .the ordinary stiff leg 
which has only a three-fourth-circle swing. With a 55-ft. boom and a three-speed hoist 
equipped with a power take-off to rotate the machine, the full revolving stiff-leg can be used 
for aH sorts of foundation work on a site 80 ft. square. 

What is known as the Chicago boom^^ (Fig. 83) is simply a boom mounted on the side of 
an adjoining building or to one of the columns of the structure itself- This does away with 
the space occupied by a free derrick and in some situations is advantageous but is not to be 
generally recommended. 
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The height of mast and length of boom and legs of a derrick will depend on the nature of the work and the space 
available. The main advantages of the guy over the stiff leg are full-circle swing, less ground space occupied, and 
case of irujving from one iloor level to the next. In comparison with the rotating stiff leg, some of the advantagew 



Fig. S2. — Full-rotating derrick with Mundy three-speed hoist and swinging gear. 



Fig. 83. — Chicago boom. 


of the guy derrick are, of course, eliminated. In narrow lots, where short-length guys would have to be used, the 
stiff leg is generally found more satisfactory. The boom of the guy derrick is a little shorter than the mast. In the 
stiff-leg derrick the boom is longer than the mast. The angle of awing for a stiff leg is limited to 270 deg., while for 
the Chicago boom it is still further restricted to 180 deg. 
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The proportions of the members •w'ill vary with the nature of the work and the load's to be handled. A guy 
derrick to handle a l>^-cu.-yd. bucket weighing about 6 tons would have a mast of 12 X 12-in. timber not much 
ever 50 ft. high and a 10 X 10-in. boom not over 40 ft. long. Longer lengths may be used but should be trussed 
or made of larger timber. 

Two drums and a swinging gear, together with the power imit, comprise the usual equipment for a derrick. 
The swinging gear may be on a separate frame but is generally mounted ahead of the drums and attached to the 
same skids. 

Other means of hoisting which may be classified as derricks are the ‘*A”-frame and the gin pole. The “A ’’-frame 
derrick is made of timber in the shape of an A supported at the apex by guys. The block for the fall line is attached 
at the same point. It is slightly canted toward the load and is operated by a hand crab. These outfits are readily 
portable and are used in hoisting stones for sills, etc., and in places where it would be difficult to operate a power 
derrick. 

A gin pole consists either of a stick of timber or of a built-up latticed mast guyed from the upper end by two or 
more ropes. The hoisting block and tackle is attached to the top, no boom being provided. The pole is used for 
erecting trusses, for handling a steam hammer, and for other purposes where a straight lift is sufficient. This pole 
hoist may be operated either by hand or by power. If power is used, a single-drum hoist is adequate. 

26. Scaffolds. — In practically all stages of construction work, from foundations to paint, 
scaffolds are employed. 



Fig. 84 . — Hanging scaffold with double platform winches, Patent Scaffolding Co., N. Y. 

Scaffolds may be either swung from some point above the working level or built up to the 
required level from a firm base. Either type should comply with safety laws, not only for 
the security of men employed on the scaffolds but also for the safety of those who iria^" be 
working or passing below. In addition to the safety of the scaffold itself, guard rails strung 
about 4 ft. above the platform should be provided to prevent men from falling off. Footboards 
to prevent tools and materials from being knocked from the scaffold should be provided. 
In all cases where work is in progress above the men on the scaffold, overhead protection should 
also be provided. Heavy canvas properly supported, wire netting, or a plank platform are 
the means often employed. 

On building jobs surrounded by sidewalks which must be kept open for the use of the public, protection must 
be provided in the form of a covered sidewalk bridge. Such a bridge may be built of any available material either 
wood or structural steel. The Patent Scaffolding Company of New York has developed a standardized steel-frame 
sidewalk bridge (Fig, 88) which is rented for the life of a job, or it may be purchased outright. It is claimed to be 
cheaper than wooden scaffolds, easier to erect, and more pleasing in architectural appearance. Each unit ox bent 
consists of an S-in. I-beam clamped to 4-in. steel-pipe columns. The columns are braced in the longitudinal 
direction by l>^-in. steel pipe and by the handrail. This steel framework is covered over with wood sheathing. 
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26a. Suspended Scajffolds.—Two main types of suspended scaffolds are in 
general use. One is that commonly used by painters, consisting of a platform supported by 
blocks and falls hung from iron braces at the cornices, braces which are further held in position 
by ropes tied back to a chimney or other firm anchorage. Scaffold irons made up of fiat-rolled 
stock placed at each end of the scaffold support the platforni and also have arms to hold a 
guard rail. With this type of scaffold the platform may be raised and lowered from the scaf- 
fold through blocks and falls, the free end of the line being tied around the block hook to hold the 



scaffold in position. With these scaffolds, actuated with a man on the platform, there is some 
danger of the scaffold’s falling by having a rope run through the operator’s hand too rapidly or 
by the breaking of a rope. 


A better type of scaffold, found in most building work where the loads are heavy and the time of use is con- 
siderable, consists of steel channel thrust-outs, steel ropes, drums, and built-up scaffold irons, as illustrated in Fig. 
84. Small drums, either mounted on the thrust-outs or located above and operated tnrough worm wheels and 
ratchets, are provided for changing the height. Of the two, the first is, in general, the better, as the control is 
visible to the operator so that such dangers as incomplete locking of pawls, rope-over riding the side of the drum, 
etc., are minimized; and inspection is much simpler, easier, and more likely to be thorough. On the other hand, the 
drum occupies space on the scaffold. 



Pig. 86. — Putlogs for scaffolding. 


266. Fixed Scaffolds. — Fixed scaffolds may be divided into two main types — 
pole and outrigger — and in buildings up to about five stories are the ones generally used. 

Pole scaffolds are sd called because they are built up of poles or scantlings from a firm base, 
generally the ground (Fig. 85). Under this classification would come the large scaffolds used 
in erecting walls, etc., and the smaller types such as ladder scaffolds where the working platform 
is raised but a short distance, as in painting and plastering ceilings and the like. Scaffolds 
built up for wall work should be carefully designed for all loads and stoutly braced to prevent 
any tendency to collapse under side loads such as wind, etc., and should be held to the building 
in some manner. 
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Two types of pole scaffolds are found — one where the poles are run up as units, ledgers and putlogs being placed 
as the working platform is raised; and the other w’here two poles are connected together by strips nailed securely 


and at right angles to them. These strips are placed at distances cor- 
responding to the required lift and 'with the poles form rough ladders! 
Ledgers are rum betw’een the strips, and the ladders are braced- This 
type of scaffold must be fastened to the building, which is usually done 
by bracing from the windows. In general, this type of scaffold is not 
used in heavy work but rather in cases "where wall areas are to be cleaned 
or painted- ■ The pole scaffold is composed of six main parts — the upright 
poles, ledgers, putlogs (Fig. 86), braces, spring braces, and the platform 
itself. The ledgers are the members w’hich extend from pole to pole and 
support the outer end of the putlogs. In addition to the ledgers, 
diagonal bracings should be used. Putlogs support the platform and 
rest on the ledgers and the finished wall. Three types of putlogs are 
shown in Fig. 86, one all wood, the other two having one end built up of 
iron. Spring braces are used to hold the scaffold to the base of the wall 
and consist of two boards inserted in the putlog hole, with a brick placed 
between them. The outer ends are then nailed to the ledgers causing 
the inner end to spread and press against the bricks so forcibly that consid- 
erable effort is required to dislodge them. 

Horse Scaffolds , — The height of a horse is about 48 in. 
Horse scaffolds may be built up by placing one horse on top 
of the other but should seldom include more than three 
horses. Such scaffolds are not suitable for heavy loads or 
for the storage of any amount of material. In general, 
they are potentially dangerous and should be avoided. 

Outrigger Scaffolds , — Outrigger scaffolds are so called 
because the platform is supported by beams fastened to the 
floor or the frame of the building. This t 3 T)e is used where 
repairs are to be made at some such point above ground 
level that it would not be economical to build up from the 
ground, and where suspended scaffolds could not be used — 
for example, on a church steeple or the tower of a building. 
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STEEL-ERECTION EQUIPMENT 
By Waldo G. Bowman 

Tools and appliances required for the erection of structural steel depend upon the method 
of ere(;tion iisf^d; upon the type and size of the structures; upon the freedom with which opera- 
tions can be carried on; and upon local usages and conditions. 

First and perhaps foremost in all structural-steel erection appliances 
comes the use of hoisting means w^hereby the members may be placed in 
position. All of these have been treated in previous chapters of this 
section. 

In the bolting, cutting, chipping, riveting, and welding of the various 
members, a variety of both ordinary and special tools are employed. 
Ordinary hand tools, such as hammers, chisels, punches, wrenches, tongs, 
etc., or small hand forges for steam rivets need no special mention. Some 
of the automatic tools driven by compressed air or by electricity will be 
described, as they come in a special and highly useful class. 

27. Air Riverters. — Air riveters as used in structural-steel erection are 
made in many forms to meet special requirements. They comprise a shell 
containing the working parts, the piston or striking member, the valves, and 
a removable steel set for forming the head-of the rivet. These air hammers 
(Fig. 89) are light in weight and portable. The air supply is controlled 
through a throttle valve which consists of a piston and poppet in combination, 
Fig, S9.“Air riveter, actuated by a trigger attachment on the handle. Several types of handles 
are supplied to meet various conditions, their design not changing the oper- 
ation in any way. By this trigger arrangement the strength of blow may be governed by the 
operator from a light tap to full impact. 

28. Air and Hand Dollies. — The dolly is, in effect, an anvil held against the rivet head. 
It may be either a long bar held in position by hand or a separate pneumatic machine (Fig. 91). 
The latter type wiU give better results, as it keeps the head of the rivet in contact and avoids 




Fig. 90. — Outside and inside trigger handles for IngersoU-Rand riveter. Fig. 91. — Air dolly. 


the jumping so common when a hand dolly is used. The hand dolly, however, is more con- 
venient for general field use. 

29. Rivet Sets. — A rivet set is a small die of tool steel fitted into the end of the riveter and 
held in position by spring fingers or a coiled spring. It is detachable so that change from one 
size or style of head to another is quickly accomplished. In operating, the set should never 
be lifted from the rivet head inasmuch as the coiled spring will not hold the set in the riveter, 
[ind fiying from the gun it is a dangerous missile. 

30. Air Chipping Tools;^ — Chipping tools are chisels designed to socket into the air-hammer 
barrel. They can be obtained in a great variety of shapes suited to any desired purpose. 
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Chipping with ah hammers is highly efficient, since the rapidity of blows approximates con- 
tinuous chipping with consequent facility in holding the tool to the work. 

31 . Air Brills. — Air drills are made in two types. The type shown in Fig. 92 is the one 
more commonly found. These machines may also be used for reaming, tapping, etc. Air 
drills are driven from a crankshaft actuated by pistons. The valve action is controlled by 
gearing from the crankshaft; and air is admitted from the supply line by turning a sleeve on 
the handle. 

32 . Electric Drills. — Portable electric drills though somewhat heavier and for a given 
weight less powerful than air drills give excellent results for drill sizes up to 2 in. in diameter. 
In these a motor through gearing drives a shaft having a hollow taper to which is fitted the 
drill itself or a chuck holding the drill. Electric drills are made for use with either direct or 
alternating current at frequencies and voltages commonly found. The weight of a drill for a 
2-in .-diameter hole in steel is about 88 lb. 



Fig. 92. — Sectional view of air drill. 



Fig. 93. — -“Little David’* air grinder, Ingersoll- 
Rand Co., N, Y. 


33 . Air and Electric Grinders. — Air grinders (Fig. 93 j and electric grinders differ, from 
air or electric drills only in the cutting tool used which is an abrasive wheel instead of a drilL 
Electric grinders Eave an advantage over air grinders in that the speed obtainable is higher, 
which makes for rapid cutting. 

Cutting wheels should be of a grain and hardness of material suited to the material to be 
cut. For structural steel, a medium-grained rather hard wheel should be used. For harder 
steels, a softer wheel of light grain is preferable. Carborundum, alunduni, crystolon, and like 
abrasive materials cut more rapidly and better than emery. Microscopic examination of 
cuttings shows that the two materials first named cut shavings from the steel, while the last 
produces globules of molten metal. 

34 . Oxyacetylene Cutting. — Wherever steel or iron in any shape has to be cut on the job, 
an oxyacetylene outfit is useful. The apparatus, in^general, consists of a blowpipe or torch 
and rubber hose lines connecting the torch to the generating unit. The generating unit as 
usually composed is a tank containing liquefied or compressed oxygen and an acetylene gener- 
ator or tank of acetylene together with attached regulating valves. The oxygen and acetylene 
gas tanks are fairly portable units. Tho acetylene may be generated on the job, but this is a 
troublesome and comparatively dangerous task. The torch first preheats the metal to a white 
heat, after which the oxygen flame does the actual cutting. Different sizes and types of torch 
lips are supplied each to be used for a specified purpose. 

36 . Welding. — Structural steel may be welded either by the oxyacetylene process or by 
the electric arc. In the former process, the surfaces to be welded are placed in contact and 
heated by the oxyacetylene torch. When the material is at a white heat, the welding rod 
(which is material of the same kind that is being welded) is placed in the torch flame and 
melted into the white-hot metals at the point where the weld is to l>e made. Some roof trusses 
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have been welded by this process, but in building constmction it has so far been mostly used 
for welding the lengths of service pipe together and for general blacksmith-type repair work. 



Fig. 94-1. — Electric arc welder manufactured by the Lincoln Electric Company. 



Fig. 94.S. — Electric arc welder manufactured by the General Electric Company. 


Electric arc welding has been used more extensively in welding structural steel than has 
the gas process, numerous buildings and one or two bridges having been built by the former 
method. 

In the electric arc welding process, the metals to be welded and the welding rod are fused together by the 
intense heat of an electric arc. In this process, the metal to be welded forms a part of the electrical circuit. There 
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are two main systems of electric welding — the metallic-arc method and the carbon-arc method. In the metallic-arc 
method the parts to be welded are attached to the positive side of the circuit, and a metallic filler rod, either bare or 
coated with some sort of flux material, is attached to the negative side of the circuit. Thearc is established by striking 
the filler rod against the work. Molten metal from the rod is deposited with the molten parent metal, and as it cools 
the weld is formed. It is, of course, necessary to move the melting rod downward at a uniformly continuous rate 
to compensate for the part that is melting away; otherwise, the arc gap vdll become too great for the current to 
jump. Direct current produces a hotter arc than alternating current, and a special type of direct-current generator 
is required for satisfactory welding. A voltage of 30 will maintain an arc, although a higher voltage is required 
to strike it. The usual current flow will range between 50 and 300 amp. The amount of voltage in most welding 
circuits is harmless, so that the shock from it wiU be slight, if felt at all. 

In the carbon-arc method a graphite electrode instead of the metallic filler rod is used as the negative pole. 
With this method the arc supplies the heat, and the filler metal must be fed into the weld by hand from a metallic 
bar. The arc must be played upon one spot for a considerable length of time before the filler metal is added 
Carried far enough the use of a carbon electrode results in cutting. 



Fig. 94(7. — Electric arc welder manufactured by the Westinghouse Electric <& Manufacturing Company. 


MISCELLANEOUS EQUIPMENT 
By Waldo G. Bowman 

36. Air Compressors. — The uses of compressed air in building construction are so varied 
and cover such a prolonged period, extending from placing foundations, as in sinking pneu- 
matic caissons, through steel erection, and even to finished painting, that the selection of air 
compressors and the installation of the air-distributing system should be planned most care- 
fully. A wide choice of compressor equipment is available. 

First cousidOTation should be given to a portable compressor because of its ease of installation and the flexibility 
which it lends to the layout of the construction plant. Portable compressors are available in sizes having displace- 
ments from 100 to 300 cu. ft. of free air per min. Either electric-motor or gasoline-engine power units are available. 
In some of the machines power transmission is through a clutch, while others are direct connected. On one machine 
the cylinders of both the gasoline engine and the compressor are attached to the same crankshaft. The mountings 
are usually four-wheel trucks equipped wath either steel or rubber tires. Should the single portable compressor be 
too small for the air requirements, any number of units may be connected in series discharging into a common drum. 

Stationary plants are often necessary. These can be obtained in practically any capacity. Such plants may 
be either steam or electric motor operated. They require concrete foundations, a housing of some sort, and a rather 
complex layout of piping. All portable compressors deliver from 90 to 100 lb. per sq. in., while the discharge pres- 
sures of stationary machines suitable for building-construction requirements vary from 15 to 500 lb. per sq. in. 

Compressors of the smaller sizes are built single stage, all compression taking place in one cylinder. The larger 
sizes are two or three stage, having two or three cylinders, each of which raises the pressure a certain part of the final 
value. 
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Coiapressed-air eagineering represents a large field in itself, and comprehensive data are beyond the space 
liinitatioEis of this handbook. Such organizations as the Sullivan Machinery Company in Chicago and the Ingei 
soli- Rand Company and the Chicago Pneumatic Tool Company in New York City are specialists in the field. 
Those interested should consult these companies as well as standard textbooks on the subject. 

37. Air-painting Equipment. — Painting by compressed air has recently come into quite* 
•renenil use. In this win-k, :iir under prt^ssure is fed through :l rubber iiose to a metal paint 


Fig. 95. — Portable compressor, Sullivan Machinery Company. 

container with a control head. Air pressure is admitted at the top of the container and forces 
the paint through a strainer up to the control head and then through a rubber hose to the 
“gun.’’ The metal container is a tank of 3 to 15 gal. capacity. ' The gun or painting nozzle is 
shaped like an ordinary pistol with a trigger to control the supply of paint and air. The handle 
carries connections for the air and paint lines. Where desired, the gun may be mounted on a 


Fig, 96. — Painting with compressed air, Spray Engineering Co., Boston, Mass. 

long pole enabling the operator to paint in places where ladders or scaffolding would otherwise 
be required. The weight of the 5-gal. unit is about 50 lb., and that of the larger sizes greater in 
proportion. 

38. Surfacing Machines, — Special machines for finishing the surface of concrete either in 
floors or walls and for removing form marks may be operated either by air or by electricity. 
Surfaces may also be treated by rubbing by hand with carborundum, washing with a dilute 





Fig. 97. — Compressed air painting equipment, 
Spray Engineering Co., Boston, Mass. 


Fig. 9S. — Electric rotary concrete surfacer. 


Some air surfacers are similar to air hammers but strike a much lighter blow. A variety of tools arranged to 
’socket in the device are used for different purposes. Where it is desired to have a pebbled surface, an air surfacer 
of this type will be found particularly effective. The other type of surfacer is a rotary model; it may also be oper- 



Fig. 99. — Air-operated rotary concrete surfacer. Pig. 100. — Applying ‘‘Gunite’'’ with cement gun, Cement 
Ingersoll-Rand Company. Gun Company, Allentown, Pa. 


ated either by compressed air or by electricity. In Fig. 98 is showh one operated by electricity, while Fig. 99 shows 
an air-operated rotary surfacer in use. These surfacers consist of a motor and a tool using different types of teeth 
or grinding discs which revolve at a high speed and chip or grind the surface to a finish. 

39. Stijcco and Plastering MacMnes. — Special macliiiies for applying stucco and plaster 
have been developed, which are claimed by the makers to give better and more lasting results 
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than hand methods. Two types of machines are available, one which impels the material 
mechanically against the wire or lathe, and the other w'hich places the material by compressed 
air. The latter equipment is the most used. This equipment is known as the ^hement gun,’’ 
(Tig. 100). In operation the materials are premixed dry and placed in a drum. Air pressure 
is then applied above, the feed being regulated by a rotating wdieel actuated by an air motor 
within the casing. The dry mix is thus forced through a hose to the point of application where 
it is mingled with a fine spray of water delivered through a parallel hose line outside the casing. 
Material produced by this device is knowm as ''gunite” and has the merit of being very hard 
and dense. 

40. Lighting Equipment for Construction Work. — More and more construction work is 
being carried on 24 hr. per day, invohdng the use of artificial light. Altliough gas, oil, and 
electricity are all available for this use, electricity and acetylene gas are the most used. 



Fig. 101. — Two types of electric floodlight for night building work, General riectric Company. 


When using electric lighting, the apparatus for different kinds of construction work varies 
greatly, although an intensity of 3- to 4-ft. candles usually will give sufficient light. As a 
general rule, a beam wide enough to cover the area to be floodlighted will give satisfactory 
results. The size of unit to be used depends upon three factors — the area to be lighted, the 
character of the surroundings, and the color of the objects. 

The portable carbide light (Fig. 102) is a type of acetylene-gas light. Owing to its light 
weight and large candlepower, it is used extensively. The light, however, is a concentrated 
one, and the apparatus requires frequent charging and cleaning. It consists of a burner, feed 
pipe, and generator. The units are made in various sizes to meet different requirements. 

41. Pipe and Bar Threading Machines. — Threading machines both for pipes and for bars 
should he supplied on all jobs of importance. The smaller hand dies and taps form a usual 
and necessary part of the fitting equipment on smaller work. Pipe-threading machines are 
supplied in a number of sizes and have a wide range of capacity. These machines are driven 
by gasoline engines or electric motors either directly or through belts. They may be obtained 
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using either a solid die up to about 2-in. size of pipe or with separate jaws of 2 or 4 pieces for 
larger sizes of pipe. Bar-threading machines are similar to those used for pipe threading, the 
difference being in the size and shape of the teeth of the die. Bar dies also are cut without 
taper threads. Bolts and bars up to 4 in. can be threaded in these machines, and either right- 
or left-handed threads cut. 

42. Equipment for Winter Construction.— Building construction is rapidly becoming a 
year-round business. As winter construction becomes more universal, equipment needs will 
increase. At present, tarpaulins are used extensively to enclose the building in which a moder- 



Fig. 102. — Carbide light, The Alexander Milburn Co., Baltimore, Md. 

ate temperature is maintained by salamanders. Most of these burn coke at the present time, 
but several gas salamanders are available. Thawing torches burning kerosene are in general 
use for maintaining frozen pipe lines. They may also be arranged for heating an enclosure 
holding concrete aggregates. Equipment similar to the thawing torch is available for attach- 
ment to a concrete mixer drum to maintain average temperatures of 60°F. One type of such 
equipment is manufactured by Hauck Manufacturing Co., Brooklyn, N. Y. Boilers and hot- 
water heaters, of course, play a part in winter concreting work. However, there is a large 
field open for development of equipment for winter, and such things as enclosed or heated 
concrete chutes, special water heaters, and enclosed hoisting towers will soon be necessary. 
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BUILDING MATERIALS 


TIMBER 

By HejsTry D. Dewell 

Trees mav be divided into two main divisions exogen and &YhdoQ€7i, Tb.e first division 
comprises those trees in which the wood is arranged in concentric bands or layers. This con- 
struction results from each year’s new growth of the tree forming an approximate cylinder of 
new wmod outside of the previous old gro^^th cylinder. The second class of trees, the endogen 
type, embraces the palms, bamboos, and other trees in which the wood is not arranged in bands 
or rings. 

All timbers used in building construction in Nortb Aunerica may be said to fall under the 
exogen class. Tvro subdivisions of the exogen trees are recognized — ^viz., (1) conifers, sometimes 
called softwoods, and (2) non-coniferous, dictoyledons, or hardwoods. The terms ‘‘softwood” 
and “hardwood’' are not correct, as many of the coniferous timbers are hard, and some of the 
non-coniferous woods are comparatively soft. 

In the class of coniferous trees falls the larger portion of the stimctural timbers, the longleaf 
yellow pine, shortleaf yellow pine, Douglas fir, white pine, spruce, hemlock, cypress, redwood, etc. 
Under the non-coniferous, or hardwoods, are classed the oak, ash, elm, maple, walnut, 
hickory, etc. 

1. General Characteristics of Timber. — The cross section of a tree of the exogen type shows 
on the outside the bark, and, in the interior, a series of concentric rings, those next to the bark 
being lighter in color than the interior. This outside zone of rings is termed the sapwood, as 
contrasted vith the darker interior portion, which is called the heartwood. 

The sapwood is the living portion of the tree. The heartwood, on the other hand, has 
ceased to grow, and is only of structural importance to the tree. Sapwood is, however, struc- 
turally as strong as heartwood, except in the case of old, overmature trees. 

The rings of growth are termed annual rings, since a new layer of wood is formed each 
season. Each annual ring is divided into two parts, the inner ring being softer and lighter in 
color than the outer ring. The inner ring is termed the spring wood, being formed in the spring 
of the year, while the outer, harder, and darker ring is the summer wood. The annual rings thus 
form a record of the age of the tree. 

The general structure of wood is cellular, the cells, or wood elements being in the nature of 
minute tubes, with interior cavities called lumina. These elements vary in size and shape ; and 
different arrangements of cells characterize different trees. Upon the character and arrangement 
of the wood cells, and the nature and quantities of the compounds associated with them depend 
the physical qualities of the timber. Wood elements are classified as wood fibers, tracheids, 
vessels, pith ray cells, and wood-parenchyma fibers. In the walls of the wood elements are 
openings, covered by thin membranes, known as “pits, ” these pits being further classified as “sim- 
ple pits” and “bordered pits.” The pits serve to transmit water between the wood cells. 

In the coniferous or softwood trees, the tracheids (and in the non-coniferous or hardwood trees the wood-fibers) 
are the elements of most importance; these give the mechanical strength of the tree. The tracheids and wood fibers 
run parallel to the length of the tree, so that they appear in section in a cross section of the tree. 

Pith rays are cells that lie in horizontal planes, and extend radially from the center of the tree to the outside, 
connecting the vertical elements. These pith rays, also called “ medullary rays, have as their main function the 
transmission and storage of food. Pith rays are plainly visibly in many timbers, as for example, oak. In this 
bitter wood, they give the pleasing appearance in “quartered” or “quarter-sawn” oak. 

The mechanical properties of timber are affected vitally by the arrangement, as well as by the character, of 
the wood elements. Since the wood elements, as the tracheids and the wood-fibers, are vertical, most woods are 
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comparatively easy to split. On the other hand, the pith rays tend to hold the vertical wood elements together 
and thus lessen the tendency to split. 

When the annual rings are wdde, the timber is said to be “coarse-grained;” and conversely, w'hen these rings 
are narrow, the timber is said to be “ fine-grained.” Normally, the fibers and tracheids are parallel to the axis of 
the trunk or limb of the tree. Such a condition gives “straight-grained” timber. In many cases, the fibers may 
be twisted or they may run in a spiral direction giving the condition termed “cross-grained” timber. 

The junction of the limb and stem (or trunk) forms the knots found in all structural timber. “Dead” or 
“loose” knots are formed by the stubs of broken or decayed limbs, the growth of the tree eventually covering these 
stubs. 


2. Effect of Composition on Mechanical Properties of Timbers- — The chemical composi- 
tion of wood consists mainly of cellulose and other materials designated as lignin. There are 
also present certain other substances, as water and resin. 

The weight of wood depends: (1) on the amount of wood substance in the cell walls, and 
(2) on the amount of water contained in the wood. In green wood the second factor is of the 
greater importance. The water is contained in the substance of living cells, saturates the walls 
of all cells, and more or less fills the cavities of all lifeless cells, fibers, and vessels. Sapwood 
contains the most water. 

The rate at which the water evaporates from timber depends upon the structure of the 
wood, and also upon the size and shape of the stick. High temperatures accelerate the drying of 
timber, even in humid atmosphere. T\Tien timber dries, the cell walls of the wood-elements 
shrink. The wood-elements decrease in cross section, but remain approximately of the same 
length. This phenomenon explains the shrinkage in cross section of any piece of unseasoned or 
green timber, and the approximate absence of shrinkage lengthwise. Since the wood cells in 
the same tree vary in thickness, unequal shrinkage takes place, resulting in strains which tend 
to split and warp the timber. Again, the ends of a stick of green timber dry faster than the 
interior portions, producing cracks in the ends of such timbers. Such tendency to crack is 
known as “checking.’^ It is customary in lumber yards to nail strips of wood across the ends 
of wide planks or boards, in order to prevent the ends from checking. The same tendency to 
check exists in the sides of timbers, due to the exposed surfaces dr^dng faster than the interior. 

The shrinkage of the pith rays is one of the causes of the longitudinal shrinkage of timber, 
and the greater the number of pith rays, the greater the longitudinal shrinkage. 


A log shrinks tangentially to the annual rings much more than radially, since in a tangential direction the 
cells of the summer wood which are subject to greater shrinkage tlian the spring wood are continuous across the 
width of board, but are interrupted in a radial direction by the rings of the spring wood. This tangential shrinkage 
leads to permanent checks. The difference in shrinkage, as measured tangentially and radially to the annual 
rings, explains the different behavior of lumber cut tangentially, radially, quartered, etc. 

The following table gives the approximate shrinkage in width of timber, drying in open air; 

Approximate Lateral Shrinkage of Timber Drying in Open Air 

Percentage of 


width 

1. All light conifers (soft pine, spruce, hemlock, cedar, cypress) 3 

2. Heavy conifers (hard pine, red Douglas fix, tamarack, yew), honey-locust, box elder, wood 

of old oaks 4 

3. Ash, elm, walnut, poplar, maple, beech, sycamore, cherry, black locust 5 

4. Basswood, birch, chestnut, horse chestnut, blue beech, young locust 6 

5. Hickory, young oak, particularly red oak Up to 10 


Shrinkage of timber is a very troublesome factor to deal with in the design and construction of details. Fully 
seasoned timber, unless kiln-dried lumber is piirchased, is almost impossible to obtain, and consequently some 
shrinkage is almost certain to occur. This shrinkage will cause joints to open, washers under bolts and nut heads 
to become loose, settlement of floors, etc. It is exceedingly important to recognize the probability of shrinkage 
and to design details that will be as free as possible from the effects of such shrinkage. 

Season checks are always unsightly but in interior work tney are not generally serious from a structural stand- 
point except in the case of beams and girders where the unit longitudinal shearing stress is nigh. In such a case, 
season checks near the ends of the beam reduce the effective area to resist longitudinal shear. In construction 
exposed to the weather, season checks permit moisture to collect resulting in decay of the timber. 
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3. Effect of Seasoning on Strengtii of Timber. — The general effect of seasoning timber, if 
.such seasoning is properly done, is to increase the strength of the timber, especially in regard 
to the strength of the timber in bearing across the grain. Tests have shown the percentage of 
increase in strength to vary from about 2 to 35% depending on various conditions such as kind 
of timber, test specimen, seasoning, kind of test, etc. 

4. Methods of Seasoning Timber. — The most satisfactory method of seasoning is air- 
seasoning, or the exposure of the green timber to the dr;^Tng action of natural air currents, the 
timber being protected from the weather. Lumber to be thus properly seasoned must be pro- 
tected from rain, piled on level, firm foundations well off the ground, supported at frequent 
intervals in its length, and “stuck” — that is, each layer of boards separated from the adjoining 
layers by strips of timber. The boards in each layer should be separated from one another. 
This method of piling allows the air to circulate freely around each stick of timber. 

Air-seasonicg takes time — usually many months in order to thoroughly season the timber. For this reason 
certain classes of lumber, as flooring, ceiling, etc., are commonly kiln-dried, that is, exposed to high temperatures 
in a drying kiln. Kiln-drying must be properly done, else the timber will be brittle. Careful regulation of the 
heat, avoida,p.ce of extremely high temperatures, prevention of draughts of outside air, and the use of steam baths 
before drying are factors tending to reduce the tendency to brittleness. 

5. Effect of Defects on Strength of Timber. — Defects, such as knots, cross-grain, wind 
shakes, etc., decrease the strength of timber. Knots are always co-existent with cross or 
diagonal grain in the immediate vicinity of the knot. In former years, the effect of a knot was 
considered most serious only when the timber was subjected to tension. It has been proved, 
however, that knots vitally weaken the timber in compression, due to the variation of the 
timber fibers around the knot from their normal direction. 

Minor defects, such as pitch pockets, sap stain, etc., are of no consequence structurally. 

6. Deterioration of Timber. — Mechanical deterioration of timber occurs from continued 
use. Flooring will wear out, railway spikes will become loose in the ties, and screws subject 
to continued “working” will enlarge their holes in the wood and pull out. The probable 
deterioration due to wear and tear can be fairly accurately foreseen. 

6a. Deterioration Due to Age. — In building construction, timber properly 
protected from the weather and from dry rot will not deteriorate with age, and in many cases 
increased strength may result. 

65. Deterioration Due to Decay. — The decay of all timber in building construc- 
tion may be said to be due to the presence and action of bacteria or fungi. Without going into 
a discussion of the nature and action of such fungi, the conditions conducive to decay should be 
realized. These are the presence of a certain amount of air, heat, and moisture. ^Timber so 
situated that it will be subject to a free circulation of air at all times will not rot. Timber 
completely and permanently immersed in water or timber buried deeply without access to 
any air will not decay. On the other hand, timber alternately wet and dry will be subject to 
decay. The danger of dry rot in timber joists so set in masonry that free circulation of air 
cannot occur is well known. Timber in contact with the soil and set in close proximity to the 
ground in exterior walls will decay. In this connection, the danger of infection of otherwise 
sound timber from diseased timber should be recognized. In many instances infected timber 
is brought upon the job from the lumber yard. Only the most careful inspection can prevent 
such a circumstance, and the only recourse should be the rejection and removal of each affected 
stick unless by cutting off to safely remove all vestige of “date” the shortened stick may be 
made available. 

Certain timbers, as cedar and redwood, are very resistant to the action of fungi. 

6c. Deterioration Due to Animal Life. — ^In timber exposed to sea water, deteriora- 
tion may occur from marine life, as the teredo and the limnoria; in the case of land structures, 
certain wood borers, as the beetles and termites, destroy timber. ' Protection against destruc- 
tion from marine life must be given by the designer of timber structures; protection of timber 
from deterioration due to land life is properly the function of the forester and horticulturist. 
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The use of wood in a territory which is infested with termites requires special provision in the 
constitution of the building. 

7. Treatment of Timber to Prevent Decay. — The prevention of decay in timber should be 
given as careful consideration by the structural designer as is the strength of a joint. Details 
of design should be so drawn that the timber is protected from the weather and from moisture, 
has no contact wdth the ground, and has access to circulation of air. Unseasoned timber should 
not be painted. The presence of an air-excluding film of paint around a green stick of timber 
is almost certain to result in dry rot. The underpinning of a building should be well ventilated, 
Green lumber should not be used for flooring or other tightly driven work. The ends of floor 
joists 'when embedded in masonr^^ walls should have space around them to give access to air. 
Contact faces of timber to timber, and timber to metal, may well be painted with a good wood 
preser^^ative. 

When further measures than good design are required to prevent decay of timber, treat- 
ment by preservatives must be resorted to. Two methods are used: (1) impregnation of the 
timber with the preservative, and (2) brush or surface treatment of the timber. 


The most common wood preservatives iised are creosote, 2 inc chloride, copper sulphate and mercury chloride, 
and combinations of these. Of the above, creosote and zinc cnloride are probably used most extensively. 

In the impregnation process, the timber is first treated by drying or steaming, and then subjected to a batn 
of the preservative under pressure. The impregnation process is much more effective than surface treatment, and 
is ordinarily done at specially designed plants. 

The surface treatment of timber with wood preservative is accomplished by painting the timber with the 
preservative, or by dipping the timber in an open bath of the preservative. This work is done on the job. Timber 
to be thus treated should be seasoned and dry, otherwise the treatment is more or less inffective. The preservative 
should be heated. Dipping is far preferable to painting. All timber dipped should remain in the hot liquid at least 
15 min. An advantage is claimed by some experimenters for an alternate soaking in hot and cold preservative. 
For brush treatment, at least two surface treatments with hot preservative are necessary, and three are to be 
advised. 

8. Sawing of Timber. — Boards and planks are ordinarily cut tangentially, — that is, 
tangent to the annual rings of the log. This method is known as flat sawing, and the boards 
or planks are said to have flat grain, bastard grain, or to be slash cut. 

In quarter-sawing the logs are cut into quarters, and then sawed across the annual rings. 
This method is also known as rift sawing, and the material thus cut is said to have edge 
grain. Quarter-sawing gives the beautiful graining seen in quarter-sawed oak and similar 
timbers. Edge-grained lumber also shrinks and warps less than flat-sawed lumber, does not 
sliver, and gives greater resistance to wear, as in vertical-grain flooring. 


Timbers in which the heart of the tree is enclosed in the cross section are said to be '‘boxed-hearts.'^ Such 
timbers will check deeply on all sides, with radial checks extending deeply into the section. 


9. Classification, of Lumber. — The following has been extracted from the U. S. Depart- 
ment of Commerce Simplified Practice Recommendation ISTo. 16, Lumber j printed in 1926, and 
agrees with the American Lumber Standards. 

9a. Softwood-lumber Classifications. — For the purposes of simplification of 
sizes and grades and of equalizing, among species used for similar general purposes, the grades 
of a similar name, lumber shall be classified by principal uses into (a) yard lumber, (b) struc- 
tural timbers, (c) factory or shop lumber. 

Use Classification 

Lumber is the product of the saw and planing mill not further manufactured than by sawing, "resawing, and 
passing lengthwise through a standard planing machine, cross cut to length and matched. 

Lumber is classified as (a) yard lumber, (6) structural timbers, and (c) factory or shop lumber. Different 
grading rules may apply to each class of lumber. 

(a) Yard Lumber . — ^Lumber that is less than 6 in. in thickness and is intended for general building purposes. 
The grading of yard lumber is based upon the use of the entire piece. 
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ib) titriutural Ti 7 nbers . — Lumber that is 6 in. or over in thickness and nddth The gradine of structural 
timbers is based upon the strength of the piece and the use of the entire piece 

(r; Factory or Shop Lumber . — Lumber intended to be cut up for use in further manufacture. It is graded 
on the basis of the percentage of the area which will produce a limited number of cuttings of a specihed or a given 
minimum size and quality. 

Size Classification 

Yard Lumber 

(a) Strips . — Yard lumber less than 2 in. thick and under 8 in. wide. 

{b) Boards . — Yard lumber less than 2 m. thick, 8 in. or over in width. 

(c) Dimensio 7 K — All yard lumber except boards, strips, and timbers — that is, yard lumber 2 in. and under 7 in. 
thick and of any width. 

1 Planks: Yard lumber 2 in. and under 4 in. thick and 8 in. and over wide. 

2. Scantlings: Yard lumber 2 in. and under 6 in. thick and under 8 in. wide. 

3. Heav’y joists: Yard lumber 4 in. and under 6 in. thick and 8 in. or over wide. 

Structural Timbers 

id) Timbers . — Lumber 6 in, or larger in lea.st dimension. 


Manufacttiring Classification 

Manufactured lumber is classified as (a) rough, (6) surfaced, and (c) worked. 

(a) Rough Lumber . — Undressed as it comes from the saw. 

(b) Surfaced Lumber , — Lumber that is dressed by running through a planer. It may be surfaced on one side 
(SIS), two sides (S2S), one edge (SlE), two edges (S2E), or a combination of sides and edges, (SISIE), (S2S1E), 
(S1S2E), or (S4S;. 

(c) Worked Lumber . — Lumber which has been run through a matching machine, sticker, or molder. Worked 
lumber may be (Ij matched, (2j ship-lapped, or (3; patterned. 

1. Matched lumber: Lumber that is edge dressed and shaped to make a close tongued-and-grooved joint 
at the edges or ends when laid edge to edge or end to end. 

2. Ship-lapped lumber: Lumber that is edge dressed to make a close rabbeted or lapped joint. 

3. Patterned lumber: Worked lumber that is shaped to a patterned or molded form. 


9Z>. Yard Lumber. — The term ‘^yard lumber” as here used means lumber that 
is manufactured and classified into those sizes, shapes, and qualities required for ordinary 
construction and general-purpose uses (heavy timbers for structural purposes, softwood factory 
lumber, hardwood factory lumber, and other special-use materials are not considered yard 
stock). 


Grade Standards 

On the basis of quality, yard lumber is divided into two main divisions: (a) select lumber and (b) common lum- 
ber. These are again divided into two classes — select lumber into (1) that suitable for natural finishes and (2) 
that suitable for paint finishes; common lumber into (1) that which can be used without waste and (2) that which 
permits some waste. Each of these four classes is further divided into quality classes or grades. 


' Select Lumber 

Lumber which is generally clear, containing defects limited to as both size and number and which is smoothly 
finished and suitable for use as a whole for finishing purposes or other uses in which large, clear pieces are required, 
shall be considered select lumber. 

Two classes shall be recognized. The first shall be suitable for natural finishes. The second class permits 
similar defects and, in addition, blemishes of somewhat greater extent than those of the first class but of a type 
which can be covered by paint. 

Grade names: A, B, C, and D. 

Common Lumber- 

Lumber containing numerous defects and blemishes which preclude it from use for finishing purposes but 
which is suitable for general utility and construction purposes shall be considered common lumber. 

Two general classes shall be recognized. The first shall be suitable for use as a whole for purposes in which 
surface covering or strength is required. Defects and blenaishes permitted in this class must be sound. The second 
class permits very coarse defects which may cause waste in the use of the piece. 

Grade names: No. 1 common, No. 2 common, No. 3 common, No. 4 common, and No. 5 common. 

Dimension grade names: No. 1 common, No. 2 common, and No. 3 common. 
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Basic-grade Classifications for Yard Lumber 


Select 

Lumber of good appear- 
ance and finishing qual- 
ities 


Total products of 
a typical log ar- 
ranged in series ^ 
according to qual- 
ity as determined 
by appearance 


Common 

Lumber containing defects 
or blemishes which de- 
tract from a finish ap- 
pearance but which is 
suitable for general util- 
ity and construction pur- 
poses 


i 


1 


Suitable for natural 
finishes 


Suitable for paint 
finishes 


Lumber suitable for 
use without waste 


Lumber permitting 
waste 


i 


Grade A: Practically free from defects 

Grade B: Allows a few small defects or 
blemishes 

Grade C: Allows a limited number of 
email defects or blemishes that can be 
covered with paint 

Grade D: AUow’s any number of defects 
or blemishes which do not detract from 
a finish appearance, especially when 
painted 

No. 1 common: Sound and tight knotted 
stock. Size of defects and blemishes 
limited. May be considered water- 
tight lumber 

No. 2 common: Allows large and coarse 
defects. May be considered grain- 
tight lumber 

No. 3 common: Allows larger and coarser 
defects than No. 2 and occasional knot 
holes 

No. 4 common: Low-quality lumber 
admitting the coarsest defects, such as 
decay and holes 

No. 5 common: Must hold together 
under ordinary handling 


General Provisions 


The grading of lumber cannot be considered an exact science, because it is based on a visual inspection of each 
piece and on the judgment of the grader. The provisions of these specifications, however, are sufficiently explicit 
to estabhsh 5 % below grade as a reasonable variation between graders. 

Except in dimension, the grade of yard lumber, rough or surfaced two sides, shall be determined from the better 
or face side of the piece, and lumber which is surfaced one side only shall be graded from the surfaced side. 

The rules for yard lumber prescribe the number and extent of defects and blemishes permitted in the poorest 
pieces admissible in each grade. 

The number of defects and blemishes permitted varies as the area of the piece to be graded increases or dimin- 
ishes in respect to the standard size specified, but the size of the defects must not exceed that allowed by the grading 
rules. 

When defects or blemishes, or combinations thereof not described m these grading rules are encountered, they 
will be considered as equivalent to known defects according to their damaging effect upon the piece in the grade 
under consideration. 

Material shall be considered vertical grain when the rings (so-called grain) form an angle of 45 deg. or more 
with tne surface of the piece. When the angle becomes less than 45 deg. at any point, the material shall be known 
as flat (slash) grain. 

Mixed grades other than the two highest recognized grades for each species, not specifying the proportion 
of each grade, are not American Standard grades. 


9c. Structural Lumber. — See Appendix F, for detailed specifications for struc- 
tural lumber. 


Grades and Classifications 


Grades: (a) Dense select, (b) select, and (c) common. 

Uses: (a) Joist and plank (joists, rafters, scaffold plank, factory flooring, etc.), (6) beams and stringers (beams, 
girders, stringers, etc.), and (c) posts and timbers (posts, caps, sills, timbers, etc.). 

The “general" requirements for structural lumber and the methods of selecting southern pine and Douglas fir 
for close grain (select grade) and for density (dense select grade) are given in Appendix P. 

9(i. Softwood Factory and Shop Lumber. 


General Provisions 

The grade of factory lumber shall be determined by the percentage of the area of each board or plank available 
in cuttings of specified sizes and qualities. 

When lumber is crooked, bowed, cupped, or twisted, the cuttings must be so laid out as to be flat and straight 
along the edges. 
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Board measurement shall be used in measuring factory lumber. When measured with a board rule, pieces 
measuring to the even half foot shall be alternately counted as of the next higher and the next lower surface foot ; 
fractions below the half foot shall be dropped, and fractions above the half foot shall be counted as of the next higher 
foot. To determine the board-foot contents of material thicker than 1 in., the surface measure should be multi- 
plied by the nominal thickness in inches and fractions of an inch. 

The board measurement of dressed factory lumber of standard and extra-standard size shall be based upon the 
corresponding standard dimensions of rough green lumber. 


Factory Plank 


The grade of softwood factory boards or plank shall be determined from the poor face, although the Quality 
of both sides of each cutting must be considered. 

In determining the percentage of door cuttings, consideration must be given to the fact that planks are to be 
ripped full length before cross-cutting, in such manner as will yield the highest grade and largest percentage of door 
cuttings, except in such cases where planks will yield a higher value by first being cross-cut for rails. In instances 
where stock is cross cut for rails and some of the stock so obtained contains stiles or muntins or top rails, which can 
be obtained by ripping this cross-cut stock, the door cuttings so obtained may be figured in when determining 
percentages. 

Basic-grade Classification for Softwood Factory Plank 


Factory plank 
Factory lumber graded 
with reference to its use 
for doors, sash, and 
other cuttings 


Factory clears 1 
Upper grades of factory j 
plank contaimng a high -j 
percentage of best-qual- 
ity cuttings. 1 


Shop 

Lower grades of factory j 
plank yielding smaller - 
percentages in smaller 
and lower-quality cut- 
tings 


Nos. 1 and 2 clear factory: Lumber, practically clear 
in wide sizes, to contain not less than S5 % of No. 1 door 
cuttings, not including pieces with over two muntins, 
or muntins only. 

No. 3 clear factory: Lumber containing not less than 
70 % of No. 1 door cuttings, not including pieces with 
over two muntins, or muntins only 
No. 1 shop: Lumber of high-quality factory grade contain- 
ing not less than 50 % of No. 1 door cuttings, allowing, if 
necessary, one No. 2 stile in any piece, but no pieces 
with over two mimtins, or muntins only 
No. 2 shop: Lumber containing not less than 25 % No. 1 
door cuttings, or 40 % No. 2 door cuttings, or 33 % of 
mixed door cuttings. 

No. 3 shop: Lumber of a shop type below the grade of No. 2 
shop and better than box lumber, 


Ovality of Cuttings 

In determining the grades of factory plank two grades of cjittings shall be recognized. These shall be known 
as No. 1 and No. 2 cuttings and shall conform to the following rules: 

No. 1 cuttings shall be free from defects on both sides. No restrictions shall be made upon bright sapwood. 

No. 2 cuttings shall admit any one of the following defects: 

Light-blue stain on one side, not larger in extent than one-half the area of the side. 

Medium-brown kiln or heart stain covering half the surface on one face, or a greater area of lighter stain, or a 
proportionate amount on two sides 

A small sound and tight knot which does not exceed in. in diameter. 

A small pitch pocket not over % in. wide, or over 2 in. long in West Coast woods and not over in. wide or 
over 1 in. long in western pine and California pine. 

One or more small-season checks whose combined length does not exceed 8 in. 

Light pitch or small pitch streaks that .do not form a pronounced defect. 

Slightly torn grain on one side. 


Inch Factory Lumber 

It is recommended (a) that the grading rules for inch factory lumber, now published and applied by associations 
of lumber manufacturers, be adopted for tentative use; (6) that the subject of standard grades for inch factory lum- 
ber be given further study by the subcommittee of producers and consumers of such material and the results be 
reported to the Central Committee on Lumber Standards; and (c) that the Central Committee on Lumber Standards 
act upon the standard rules presented and, if found acceptable, be authorized to pubbsh them as American Lumber 
Standards for inch factory lumber. 

10. Strength Values of Timber. — Practically all of the working unit stresses for timber in 
this country are now based on tests made by the Forest Products Laboratory, Madison, Wis- 
consin. Values of the various working stresses are given in Appendix G. 
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11. Sizes and Lengths of Fra min g Timbers. — The nominal sizes in which framing timbers 
may be purchased are indicated in the following table: 


Nominal Sizes of Framing Timber 


2X4 



4X4 









2X6 

2^X6 * 

3X6 

4X6 

6X6 








2X8 

2HX8 * 

3X8 

4X8 

6X8 

8X8 







2X10 

2HX10* 

3X10 

4X10 

6X10 

sxio 

10X10 






2X12 

2MX12* 

3X12 

4X12 

6X12 

8X12v 

10X12 

12X12 





2X14 

2HX14* 

3X14 

4X14 

6X14 

8X14 

10X14 

12X14 

14X14 




2X16 

2HX16* 

3X16 

4X16 

6X16 

8X16 

10X16 : 

12X16 

14X16 

16X16 



2X18 

2KX18* 

3X18 

4X18 

6X18 

8X18 

10X18 1 

12X18 1 

14X18 

16X18 

18X18 




! j 


6X20 

8X20 

10X20 ! 

12X20 j 

14X20 

16X20 

18X20 

20X20 










16X22 

18X22 

20X22 










16X24 

18X24 

20X24 











18X26 

20X28 


1 

1 

j 








20X30 


* For yellow pine only. 

All sizes above 18-in. depth for Douglas fir only. 


Other sizes, such as 2 X 3, 2 X o, 2 X 7, 2 X 9, 3 X 4, and 3 X 5 are sawed by a few mills, 
but are not common. 2 X 3 in Douglas Fir is shipped into California by the northern mills. 
The largest sizes of timbers listed in the above table are not ordinarily carried in stock, and must 
be ordered under special contract. 

Rail shipments of dimension lumber are generally shipped stirfaced one side one edge; water shipments, in 
the rough. If rough sizes are desired, the shipment should be so ordered under special contract. 

12. Measurement of Lumber.— In the United States, all lumber, except as noted below, 
is cut and sold in even lengths, as 12 ft., 14 ft., 16 ft., 18 ft., etc. Timbers will usually overrun 
such lengths a small amount. Thus a 10 X 10 timber ordered as a 16-ft. length may actually 
be 16 ft. 4 in. long. However, this full excess length cannot be counted upon. The excess 
length may be only sufficient to allow a full 16-ft. length after cutting the ends square. Any 
odd or fractional lengths of timbers required in a building must be purchased as the next 
higher even length. A study of the size of building and arrangement of walls, posts, story 
heights, etc. may sometimes result in a considerable saving in lumber by the elimination of 
cutting lengths of timbers that are slightly under standard lengths. 

All lumber, except some finishing lumber, is sold by board-measure, the unit of which is ’ 
the board foot. One board foot of lumber is 144 cu. in. Expressed in another way, a board 
foot is the equivalent of a 12-in. length of board, 1 in. thick and 12 in. wide. For example, a 
piece of timber 6 in. square and 14 ft. long has 42 board ft. To compute the board feet in 
any timber, divide the product of the sectional area of the stick and the length of the timber 
by the factor 12, and the result will be the number of board feet in the timber. 

In making out a lumber list, the information to be given is the number of pieces, sectional dimensions, length, 
kind of timber, quality, and statement of whether the lumber is to be rough or surfaced. 

This information is usually presented in the following manner: 

4 — 8" X 10" — 16' Douglas fir No. 1 common S4S. 

The first number gives the number of pieces, the next two, the thickness and depth, respectively, and the fourth 
number the length. The smallest cross-sectional dimension is written first, thus, 2" X 4" rather than 4" X 2". 
The abbreviation S4S indicates that the timbers are to be surfaced four sides. 

The board feet in the four sticks would be the product of the four numbers divided by 12, or 427 board ft. 

Many tables are published giving the board feet measure of commercial sizes of timbers. The accompanying 
table shows the contents of timbers in board-measure. However, with a little practice, one can compute the quan- 
tities almost as fast as by the use of a table by performing the simpler multiplication mentally, factoring where 
possible. Thus, in the example given above, 80 X 16 X H « 80 X = 427 board ft. The nominal cross- 
sectional dimensions are always used, i.e,, 8" X 10", instead of the finished dimensions, X OH"* 
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Table of Boarb Measttre 


Table sbows the number of board feet in various sizes, for lengths varying from 10 to 32 ft 


f^ize in inches 

Length in feet 


10 

12 

14 

16 

IS 

20 

22 

24 

26 

28 

30 

32 

2X 4 


8 

9H 

lOH 

12 

13% 

u?i 

16 

17% 

18% 

29 

21% 

2X G 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

2X S 

13>| 

16 

18H 

21M 

24 

26H 

29« 

32 

34% 

37% 

40 

42% 

2X10 

16^ 

20 

23H 

26H 

30 

33% 

36% 

40 

43% 

46% 

50 

53% 

2X12 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

GO 

64 

2X14 

233-^ 

28 

32H 

3714 

42 

46?^ 

51% 

56 

60H 

65% 

70 

74% 

2X16 

26.?^ 

32 

3714 

42^^ 

48 

SSH 

3SH 

64 

69% 

74% 

SO 

85H 

2X18 

30 

36 

42 

48 

54 

GO 

66 

72 

78 

84 

90 

96 

2X20 

33K 

40 

46^^ 

53H 

60 

66^$ 

73>^ 

SO 

86% 

93% 

100 

106H 

3X 6 

15 

IS 

21 

24 

27 

30 

33 

36 

39 

42 

45 

48 

3X 8 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

64 

3X10 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

3X12 

30 

36 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

3X14 

35 

42 

49 

56 

63 

70 

77 

84 

91 

98 

105 

112 

3X16 

40 

48 

56 

64 

72 

SO 

88 

90 

104 

112 

120 

128 

3X18 

45 

54 

63 

72 

81 

90 

99 

108 

117 

126 

135 

144 

3X20 

50 

60 

70 

SO 

90 

100 

110 

120 

130 

140 

150 

160 

4X 4 

13>S 

16 

182^^ 

21H 

24 


2QH 

32 

34% 

S7H 

40 

42% 

4X 6 

20 

24 

28 

32 

36 

50 

44 

48 

52 

56 

60 

64 

4X S 

26^1 

32 

37H 

42H 

48 

53% 

58% 

64 

69% 

74^ 

. 80 

85% 

4X10 

33« 

40 

46H 

53H 

60 

66% 

7314 

SO 

86% 

93% 

100 

106% 

4X12 

40 

48 

56 

64 

72 

SO 

88 

96 

104 

112 

120 

128 

4X14 


56 

65H 

74% 

84 

23H 

102% 

112 

121% 

130% 

140 

149^i; 

4X1C 

53H 

64 

74?^ 

S5H 

96 

106% 

117% 

128 

138% 

149% 

160 

170% 

4X1S 

60 

72 

84 

96 

108 

120 

132 

144 

156 

168 

170 

192 

4X20 

eeh 

SO 

93H 

106% 

120 

133% 

146% 

160 

173% 

186% 

200 

213% 

6X 6 

30 

36 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

6X S 

40 

48 

56 

64 

72 

80 

88 

96 

104 

112 

120 

128 

6X10 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

160 

160 

6X12 

60 

72 

84 

90 

108 

120 

132 

144 

156 

168 

180 

192 

6X14 

70 

84 

98 

112 

126 

140 

164 

168 

182 

196 

210 

224 

6X16 

80 

96 

112 

128 

144 

160 

176 1 

192 

208 

224 

240 

256 

6X1S 

90 

108 

126 

144 

162 1 

180 

198 

216 

234 

252 

270 

288 

6X20 • 

100 

120 

140 

IGO 

180 

200 

220 

240 

260 

280 

300 

320 

SX 8 

53H 

64 

74^3 

851-3 

96 

106^^ 

117% 1 

128 

138% 

149% 

ICO 

170% 

8X10 

66H 

SO 

93H 

106% 

120 

133% 

146% 

160 

173% 

186% 

200 

213% 

8X12 

80 

96 

112 

128 

144 

160 

176 1 

192 

208 

224 

240 

256 

8X14 

93H 

112 

130H 

149% 

168 

186% 

205% 

224 

242% 

261% 

280 

298% 

8X1G 

106H 

128 

UQH 

170% 

192 

213% 

234% 

256 

277% 

298% 

320 

341% 

8X18 

120 

144 1 

168 

192 1 

216 

240 

264 

28S 

312 

336 

360 

384 

8X20 

133H 

160 

186H 

213% 

240 

260H 

293% 

320 

346% 

373% 

400 

4265i 

10X10 

83H 

100 

IIQH 

133% 

150 

16GH 

183% 

200 

216% 

233% 

250 1 

266% 

10X12 

100 

120 

140 

ICO 

180 

200 

220 

240 

260 

280 

300 

320 

10X14 

116H 

140 1 

163M 

.186% ; 

210 

233% 

256% 

280 i 

303% 

326% I 

350 

373% 

10X16 

133H 

160 

186H 

213% 

240 1 

266% 

293% 

320 

346% 

373% 

400 

426% 

10X18 

150 

ISO 

210 

240 

270 

300 

330 

360 

390 

420 

450 

480 

10X20 

166^^ 

200 

233>^ 

266% ; 

300 

333% 

366% 

400 

433% 

466^^ 

500 

533% 

12X12 

1 

120 

144 

168 

192 

216 

240 

264 

288 

312 

336 

360 

384 

12X14 

140 

168 

196 

224 

252 

280 

308 

336 

364 

392 

420 

* 448 

12X16 

160 

192 

224 

256 

288 

320 

352 

384 

416 

448 

480 

512 

12X18 

180 

|216 

252 1 

288 

1 324 

360 

1 396 

432 

468 

504 

540 

576 

12X20 

200 

240 

“LJ 

320 

t 

360 

400 

1 

440 

480 

520 

560 

600 

640 

j 
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' 

Length in feet 

Size in inches 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

14X14 

lean 

196 

228% 

2S114 

294 

326% 

359% 

392 

424% 

457% 

490 

522% 

14X16 

iseH 

224 

261% 

298% 

336 

373% 

410% 

448 

485% 

522% 

560 

597H 

14X18 

210 

252 

294 

336 

378 

420 

462 

504 

546 

688 

630 

672 

14X20 

233M 

280 

326% 

373% 

420 

466% 

513% 

560 

606% 

653% 

700 

746% 

16X 16 

213M 

256 

298% 

341% 

384 

426% 

469% 

512 

554% 

597 H 

640 

682% 

16 X 18 

240 

288 

3.36 

384 

432 

480 

528 

576 

624 

672 

720 

768 

16X20 

266% 

320 

373% 

426% 

480 

533% 

586% 

640 

693% 

746% 

800 

853% 

16X22 

293% 

352 

410% 

469% 

528 

586% 

645% 

704 

762% 

821% 

880 

938% 

16X24 

320 

384 

448 

512 

576 

640 

704 

768 

832 

896 

960 

1024 

18X18 

270 

324 

378 

432 

486 

540 

594 

648 

702 

756 

810 

864 

18X20 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

18X22 

330 

396 

462 

528 

594 

660 

i 726 

i 792 

858 

924 

990 

1056 

18X24 

360 

432 

504 j 

576 

648 

720 

792 

: 864 

936 

1008 

1080 

1152 

20X20 

333% 

400 

466% ’ 

533% 

600 

666% 

733% 

800 

866% 

933% 

1000 

1066% 

20X22 

366% 

440 

513% 

586% 

660 

733% 

806% 

880 

953% 

1026% 

1100 

1173% 

20X24 

400 

480 

560 

640 

720 

720 

880 

960 

1040 

1120 

1200 

1280 

22X22 

403% 

48 i 

564% 

645% 

726 

806% 

887% 

968 

1048% 

1129% 

1210 

1290% 

22X24 

440 

528 

616 

704 

792 

880 

968 

1056 

1144 

1232 

1320 

1408 

24X24 

480 

576 

672 

768 

864 

960 

1056 

1152 

1248 

1344 

1440 

1536 

26X26 

563% 

676 

788,?^ 

901% 

1014 

1126^^ 

12391.^ 

1352 

1464% 

j 1577% 

1690 

1802% 


Standard lengths (of lumber) are multiples of 2 ft., 4 to 24 ft., inclusive, for boards, fencing, dimension, joists 
and timbers; multiples of 1 ft., 4 to 20 ft., inclusive, for finishing, flooring, ceiling, siding, partition, casing, base, 
window and door jambs — except as hereinafter specied. Longer or shorter lengths than those herein specified are 
special. Special fractional lengths, when ordered, will be counted as the next higher standard length. 

The standard widths for lumber, SIS or S2S or rough, excluding dimension, shall be multiples of 1 in , 3 in. 
and up in width. 

All dressed stock shall be measured and sold strip count, viz.: full size of rough material necessarily used in its 
manufacture. All sizes 1 in. or less in thickness shall be counted as 1 in, thick. 

13. Sizes of Ltunber. — The following extracts are taken from the American Lumber 
Standards as given in the U. S. Department of Commerce Simplified Practice Recommendation 
No, 16, Lumberj printed in 1926. 

13a. Yard-lumber Size Standards. 

Dressed Sizes 

The terms “standard board, “extra-standard board,” and “standard dimension,” and “extra-standard 
dimension” shall be the designations for 1-in. boards (yard) and 2-in. dimension (yard), respectively, and applied 
to both softwoods and hardwoods. 

tn., SIS or S2S (measured at standard commercially dry shipping weight and moisture content for each 
species), shall be the thickness for the standard yard board; ^H 2 in., SIS or S2S, for the extra-standard yard board. 

1^ in., SIS or S2S (measured at standard commercially dry shipping weight and moisture content for each 
species), shah be the thickness for standard dimension not more than 12 in. wide; in., SIS or S2S, for extra- 
standard dimension. 

The finished widths of finish, boards, and dimension SIE or S2E (measured at standard commercially dry 
shipping weight and moisture content for each species), shaU be H in. off on lumber of standard widths less than 
8 in. and in. off on lumber of standard widths of 8 in. and over. 

The thicknesses and widths of finished lumber, SIS or S2S and or SlE or S2E, shall be as follows: 
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Finish, Common Boards and Strips, and Dimension 


The thicknesses apply to all widths and the widths to ail thicknesses 


Product 

Size, board measure 

1 

Dressed dimensions at standard 
commercially dry shipping weight 
and moisture content 

Thickness, 

inches 

^ Width, 

inches 

Standard 

thickness, 

inches 

Extra- 

standard 

thickness, 

inches 

' Standard 
width, 
inches 

Finish. 


3 



2y8 



4 

Ks 


3H 



5 

ri6 


4^ 



6 

iKs 


5H 


1 

7 


3 « ^ 

m 


m 

S 

1^6 




Hi 

9 

Hie 


SH 



10 

Hie 




2 

11 

1^8 


lOK 


2 K 

12 

2H 


IH^ 


3 


2% 



Common boards and strips j 

1 

3 

‘5-32 

2 

2% 


Hi 

4 

Hde 


3H 


IH 

5 

Hie 


m 



6 






7 






s 






9 



83^ 



10 



m 



11 



lOH 



12 



113 ^ 

Dimension 

2 

2 


1*^8 

IH 

1 


4 

214 


3H 

1 

3 

6 

2% 


5H 


4 

S 



7H 


over 4 

10 

Off H 


9H 



12 



IH^ 
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Siding, Flocking, Ceiling, Partition, Ship-lap, and Dressed and Matched 


The thicknesses apply to all widths and the widths to all thicknesses 


Product 

Size, board measure 

Dressed dimensions at standard 
commercially dry shipping 
weight and moisture content 

Thickness, 

inches 

Width, 

inches 

Standard 

thickness, 

inches 

Standard face 
width, 
inches 

Bevel siding 


4 

Ks* X 

3M 



5 





6 


5H 

Rustic and drop siding 


4 





5 

H 




6 


5H-t 



S 


7Hi 

Flooring 


2 

Ms 

IH 



3 

Ms 

m 



4 

Ms 



1 

5 


m 


IH 

6 

iMe 



IH 


iMs 


Ceiling 


3 

Ms 

2H 



4 

Ms 

3M 



5 

Ms 




6 

^Ms 

5H 

Partition 


3 

M 

2H 



4 





5 





6 



Ship-lap 

1 

4 


3H 



6 


5H 

i 


8 


7H 

1 


10 





12 


IIH 

Dressed and matched 

1 : 

4 


3M 


IH i 

6 

iMs 



IH 

8 

iMs 

7K 



10 





12 


im 


* Minimum, 

t Ship-lapped; face widths for D. and M. are in. wider than for ship-lapped. In patterned material, 1}4 
and in. thick, board measure, the tongue shall be K wide in tongued-and-grooved lumber, and the lap 
% in. wide in ship-lapped lumber, with the over-all widths ^ in. and H ui- wider, respectively, than the face widths 
shown above. 
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Factory FloorinGj Heavy Roofing, Decking, and Sheet Piling 


The thicknesses apply to all widths and the widths to all thicknesses 


Size, board measure 

1 

Dressed dimensions at standard commercially dry shipping w’eight and j 
moisture content 




standard face width j 

Thickness, 

Width, 

Standard 

thickness, 

inches 




inches 

inches 

D. and M., 

Ship-lapped, 

Grooved for 




inches 

inches 

splines, inches 

2 

1 4 ! 

1 1^8 


3 

3H 

2H 


2M 

bVs 

5 

5M 

3 

8 

25.^ 

7H 

7 

7^2 

4 

10 

3? 8 

9^8 

9 

93>'2 

1 

1 '' 


IIH 

1 

11 

IIM 


In patterned material 2 in. and thicker, the tongue shall be in. wide in tongued-and-grooved lumber, and the 
lap H ip wide in ship-lapped lumber, with the over-all widths ^ and in. wider, respectively, than the face widths 
shown above. 


Rough-dry Sizes 

The standard rough-dry thickness of the standard board shall be not less than in., with an allowance of 
20 % of the shipment, which may be not less than in., and the standard rough-dry thickness of the extra-stand- 
ard board shall be not less than *^32 ip-* with an allowance of 10 % of the shipment, which may be not less ^^^2 ip> 

The standard rough-dry thickness of finish, common boards, and dimension of standard sizes in. and 
thicker, board measure, shall be not less than ip- thicker than the corresponding standard finished dry thickness, 
with an allow’ance of 20 % of the shipment, which may be not less than ^32 iP* thicker than the corresponding 
standard finished dry thickness. 

The widths of finish, common boards, and dimension, rough and commercially dry, 7 in. and narrower, shall be 
not more than in. less than the nominal widths, and the widths 8 to 12 in. board measure shall be not more than 
in. less than the nominal wddths. 


Lengths 


With the exception of the following enumerated odd lengths, which shall be standard, odd lengths in yard 
lumber and in structural material are not considered in American Lumber Standards: 

2X4 in., 6 and 8 in. — 9 and 11 ft. 

2 X 8 in. and 10 in. — 13 ft. 

2 X 10 in. - 15 ft. 

8X8 in., 10 X 10 in., 10 X 12 in., 12 X 12 in., 14 X 14 in., 16 X 16 in., IS X IS in. - 11 and 13 ft. 

6 X 16 in., 6 X 18 in., 8 X 16 in., 8 X 18 in. - 15 and 17 ft. 


Description, Measurement, and Tally 

The thickness and widths of yard lumber, as specified, shall be considered standard. All other sizes shall be 
considered special. 

Yard lumber of standard and extra-standard size shall be described by those standard dimensions. 

Lumber of standard and extra-standard size shall be tallied board measure. On lumber of standard thickness 
leas than 1 in. (board measure), the board-foot measurement shall be based on the surface dimensions. 

The board measurement of dressed lumber of standard and extra-standard size shall be based upon the corre- 
sponding standard dimensions of rough-green lumber. 

Lumber finished to special size shall be counted (tallied) as of the standard rough size necessarily used in its 
manufacture. 
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The measurement and description of the dimensions of yard lumber shall be as follows: 


Thickness of yard lumber measured and described as: 

Minimum thickness, SIS 
or S2S; at standard com- 
mercially dry shipping 
weight and moisture 
content, inches 

1 in., board measure, to be not less than 


134 in., board measure, to be not less than 

13^2 

in., board measure, to be not less than 

1^2 

in., board measure, to be not leas than 

IKe 

2 in , board measure, to be not less than 

1^ 

2M in., board measure, to be not less than 

2H 

3 in., board measure, to be not less than 

2H 

3K in., board measure, to be not less than 

3H 

4 in., board measure, to be not less than 

i 


Widths of finish, boards, and dimension, measured and described as 2, 3, 4, 5, 6, and 7 in,, board measure, to be, 
respectively, not less than 1 ^, 2^^, 3^^, 4^1 » o^'S. aud in., SlE or S2E, at standard commercially dry shipping 
weight and moisture content; widths of finish, boards, and dimension measured and described as 8, 9, 10, 11, and 
12 in., board measure, to be, respectively, not less than 7>2, 10^, and 111^ in. 

The description of thickness of dressed stock less than 1 in. thick, board measure, SIS or S2S, to be its actual 
thickness at standard commercially dry shipping weight and moisture content. 

Note. — It is to be understood that the standard dimensions of rough lumber, commercially dry, are in excess 
of the dimensions of finished lumber of the corresponding size, board measure, by the amount necessary to permit 
of surfacing either one side or two sides and or one edge or two edges. 

Material shipped on stock sizes shall be tallied by the number of pieces of each size and length in the shipment. 

In shipments measured on board measure a piece tally in board feet shall be made. 

In material measured with a board riile on actual widths, pieces measuring to the even half foot shall be alter- 
nately counted as of the next higher and lower foot count; fractions below the half foot shall be dropped, and frac- 
tions above the half foot shall be counted as of the next higher foot. 

13b. Structural Lumber Sizes. — See Appendix F for detailed specifications in regard to knots, shakes 
and checks, angle of grain, and wane. 

Douglas fir or southern pine select grade to be selected for rate of growth. Douglas fir or southern pine of dense 
select grade to be selected for density. 


Joist and Plank 

Joists, Rafters, Scaffold Plank, Factory Flooring, Etc. 

Nominal thicknesses: 2 to 4 in. 

Nominal widths: 4 in. and wider. 

Standard thicknesses, SIS or S2S: in- off- 

Extra-standard thickness, 2 in., SIS or S2S: in. off. 

Standard widths, 2 to 7 in., SlE ox S2E: 5’^ in. off; 8 in. and wider, SlE or S2E: in. off. 

Standard lengths: Multiples of 2 ft. 


Beams and Stringers 

Beams, Girders, Stringers, Etc. 

Nominal thicknesses: 5 in. and thicker. 

Nominal widths: 8 in. and wider. 

Standard lengths: Multiples of 2 ft. 

SIS, SlE, S2S, or S4S: H in. off each way. 


Posts and Timbers 

Posts, Caps, SiHs, Timbers, Etc. 

Nominal sizes: 6 X 6 in. and larger. 

Standard lengths: Multiples of 2 ft. 

SIS, SlE, S2S, or S4S: H in. off each way. 
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13c. Softwood Factory and Shop Lumber Sizesi. 

Dressed Thicknesses 


The following thickness of factory lumber shall be considered standard. All other thicknesses shall be con- 
sidered special. 


•Size, board measure, inches 

Finished thicknesses, SIS or S2S, at commercially dry shipping weight 
and moisture content 

Standard, ‘inches 

Extra standard, inches 

1 



iy4. 



m 



2 



2M 

2H 



2H 





-1 

1 

3H 



Note. — It is to be understood that any association which publishes and administers rules for factory lumber 
under the American Lumber Standards will not be reqtiired to furnish 1-in. factory lumber in both the standard 
and extra-standard thicknesses. 


Widths 


Standard widths shall be 5 in. and over; factory lumber is usually shipped in random widths, though specified ■ 
widths may be shipped. Five-inch widths must be full size in the rough-dry condition. 


Lengths 

Standard lengths shall be 6 ft. and over in multiples of 1 ft. 


Sizes of Cuttings 

Stiles shall be 5 and 6 in. wide by 6 ft. 8 in, to 7 ft. 6 in. long. They may be either No. 1 or No. 2 in quality. 

Bottom rails shall be 9 and 10 in. wide by 2 ft. 4 in. to 3 ft. long. They may be either No. 1 or No. 2 in 
quality. 

Muntins shall be 5 and 6 in. wide by 3 ft. 6 in. to 4 ft. long. They may be either No. 1 or No. 2 in quality. 

Top rails shall be 5 and 6 in. "wide by 2 ft. 4 in, to 3 ft. long. They must be of No. 1 cutting quality but shall 
be considered as No. 2 cuttings. 

Sash cuttings shall be 2H and 3K ia. in width by 28 in. and over in length. 

In computing the area of cuttings in each piece of factory plank the sizes and areas listed in the American 
Lumber Standards or in the U. S, Department of Commerce Simplified Practice Recommendation No. 16, Lumber 
(printed in 1926), shall be used. 

« 

14. Estimating Quantities of Sheathing, Flooring, Etc. — The following rules will give 
quantities actually required to cover various surfaces. The results are to be taken as approxi- 
mately correct. 

Sheathing . — To the actual superficial area to be covered, excluding openings, add 15% for 
floors, 17 % for side walls, and 22 % for roofs. 

If sheathing is laid diagonally, an allowance of 7% should be added to the above figures 
to cover waste. 
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The above figures are for sheathing laid tight, f.e., boards not separated. 

Flooring j Ceiling, and Wainscoti'ng. 

Square-edged: For material 334 iii- wide, add 25 %. 

Dressed and Matched: 

20 % for 6-in. flooring 
33 % for 4-in. flooring 
40 % for 3-in. flooring 

Siding . — To the net superficial area, after deducting for openings, add the following; 
33 Js % for 6-in. siding laid 43*^ to 4^ in. to the weather. 

50 % for 4-in. siding. 

For drop siding, use the figures for flooring of the same width. 


BUILDING STONES 

By H. Hies 

Under this heading are included all natural rocks employed for ordinary masonry work, 
including interior and exterior decoration, roofing, and flagging. At the present day several 
kinds of artificial stone are made and some of these, such as artificial marble, may be good im- 
itations, but they are rarely adapted for exterior work. 

Most of the building stone quarried is for ordinary dimension blocks, which may be sold 
in the rough and dressed later. With stone for ornamental purposes must be considered: (1) 
the possibility of carving, sometimes to intricate and beautiful designs for buildings and monu- 
ments; (2) the ability to take a high and durable polish, often called for in marbles and granites; 
and (3) fine and uniform texture, as well as contrast between chiseled and polished surfaces, 
both necessary in stone for inscriptional purposes. 

The factors which afiect the selection of a building stone may be cost, strength, durability, 
and ornamental value. 

15 , Minerals in Building Stones. — Only a small number of mineral species are important 
constituents of building stones. A few are present in very small amounts, as scattered grains, 
sometimes of microscopic si 2 :e. These in many cases have little or no effect on the quality of 
the stone. The more important ones are as follows: 

Quarto.— —Quartz, or silica, is very abundant in some building stones, such, as sandstones, granites, and some 
gneisses. Flint and chert are amorphous or non-crystalline forms of silica, often of dark color, and occurring as 
concretionary masses in certain rooks, esi>ecially limestones. In these it often stands out in the weathered surface 
as knots, and its presence is undesirable. 

Feldspar. — Orthodase^ the potash feldspar, is a silicate of alumina and potash. It is a common constituent of 
granites and many gneisses, and is also present in the variety of sandstone known as arkose. It shows two sets 
of cleavage planes which intersect at right angles. Plagioclase feldspar, commonly referred to as the lime soda 
feldspar, is a common constituent of some basic igneous rocks in which quartz is rare or absent. 

Micas . — Micas are platy minerals, all silicates, of complex and somewhat variable composition. They have 
a perfect cleavage, and hence split readily into thin elastic leaves. 

Amphibole. — ^Amphibole, a complex silicate, has two varieties which are most likely to occur in building stones; 
these are hornblende and tremolite. Hornblende is dark green, brown, or black in color, and usually occurs in 
compact, sometimes bladed crystals of fair lustre. It is an important constituent of many igneous rocks, and of 
some metamorphic gneisses and schists. Tremolite^ a pale green variety, occurs in some marbles, forming usually 
bladelike or silky-looking masses. It is an injurious mineral, as it decomposes readily. Its occurrence in the 
quarry is apt to be very irregular. 

Pyroxene . — Pyroxene has a composition and color similar to amphibole, and often is not distinguishable from 
hornblende with the naked eye. One dark colored variety, augite, is an essential constituent of some igenous rocks. 
It takes a good polish and has fair durability. 

Coddte. — Calcite, the carbonate of lime, is white when pure, effervesces readily with hydrochloric acid, and has 
good rhombohedral cleavage. It is an important, and sometimes the only constituent of limestone, marble, 
and onyx. It may occur in the cementing material of sandstone and shale. If present in igneous rocks, it is a 
secondary and not an original constituent. Calcite is slightly soluble in surface water containing a little acid which 
results in some limestones and marbles showing solution cavities of variable size. 

Dolomite. — Dolomite, the double carbonate of lime and magnesia, resembles calcite, but is slightly harder an<l 
effervesces only with warm acid. It is a common constituent of many limestones and marbles 
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Gypsum. — Gypsum, the hydrous sulphate of ime, is the chief constituent of those stratified roclrs known as 
rock gypsum, and is not found in many building stones. It is soft enough to be a>cratched with the thumbnail. 
Alabaster, the fine grained, white massive variety, is translucent in tnin plates and has been used for ornamental 

purposes. " 

Serpentine. — Serpentine, a hydrous silicate of magnesia, is a green or yellow material of soapy feel, no cleavage, 
and soft enough to be easily scratched with a knife. In massive form it is a common and important constituent of 
the serpentine or verd antique marbles, but occurs sometimes as specks or lumps in ordinary marble. Its resistance 
to weather is low . 

Pyrite. — PjTite, or iron pyrite, the iron disulphide, may occur in all kinds of rocks. Its yellow color and metal- 
lic lustre make it easily recognizable. It is an undesirable constituent of building stones since it weathers easily 
to limonite, producing a rusty stain. 

Limomte. — Limonite, a hydrous iron oxide, is common in the cementing material of some sedimentary rocks, 
especially sandstones, but in others may be formed by the w'eathering of iron-bearing silicates. 

16. Rocks Used for Building Stones. — A rock may be defined as an aggregation of minerals 
forming a portion of the earth’s crust. Rocks can be divided into the three following groups : 
igneous rocks, stratified rocks, and metamorphic rocks. 

16«. Igneous Rocks. — Igneous rocks are formed by the cooling of a molten mass. 
With few exceptions they agree in being of massive structure, more or less crystalline texture, 
and free from statification planes. The following are the characters of the common types : 

Granites. — Composed essentially of quartz and orthoclase feldspar, but usually containing some mica, amphi- 
bole, or pyroxene. Texture — coarse to fine, iisually even, sometimes porphyritic. Color — variable, pink, gray, 
or white common. Valuable as a building stone because of usually high durability, variety of color and texture, 
and susceptibility of taking a high polish. The darker granites often give excellent contrast between hammered 
and polished surface. 

Pegmatite. — Usually of very coarse grain, occurring commonly in the form of dikes. It is of no value as a 
building stone and its occurrence in some granite quarries causes serious -waste. 

Syenite. — An even granular rock, resembling granite in texture, composed chiefly of orthoclase feldspar, but 
usually haring some hornblende, mica, or pyroxene. Color — usually -w'hite, pink, or gray. Takes a good polish 
but of little importance as a building stone because of its restricted occurrence. 

Piorite. — Similar to granite in texture, composed of hornblende and plagioclase feldspar, often much biotite. 

Color dark gray or greenish. Not as common as granite. Takes good polish and sometimes of very ornamental 

character. 

Oahbro. — Like granite in texture. Consists chiefly of pyroxene and plagioclase feldspar; the former sometimes 
predominating to such an extent as to give the stone a very dark color. Color — dark gray or greenish to black. 
A common rock in the United States, being Icnown in New England, the Adirondaeks, Maryland, Minnesota, 
Rocky Mountains, and California. 

Diabase or Trap. — Dark, fine grained, containing plagioclase and pyroxene as essential constituents. Differs 
from gabbro in manner of distribution of minerals, which gives it characteristic appearance. Sometimes almost 
black on rock face and polished surfaces. Very hard. 

Basalt, — Agrees with gabbro mineralogically, but is finer grained, gray to black, and sometimes cellular. 
Occurs as lava flows. Not important. Much jointed. 

16h. Stratified Rocks. — Stratified rocks are derived from the weathering prod- 
ucts of pre-existing rocks and laid down by water or sometimes by wind. They show a 
stratified or layered structure with texture varying from coarse to fine. The hardness is due 
to cement (usually iron oxide, silica, or lime carbonate) deposited between the grains, and hence 
the degree of hardness depends on amount of cementing material. Beds are of variable thick- 
ness, hence only the thick bedded ones are of value for dimension stone. Thin bedded, ones 
may be useful for flagging or curbing. Important types are: 

Sandstone. — Grains are chiefly quartz of varying size and regularity, bound together by some kind of mineral 
cement. Color is variable. Varieties are m'caceotia sandstone, with abundant mica scales; sandstone, 

containing considerable clay; and arkose, containing angular feldspar fragments, usually in abundance. 

Conglomerate. — Stratified rock composed of pebbles of rounded character and more or less cemented together. 
Pebbles may be of different kinds of rooks but quartz ones are common. Conglomerates may grade into sandstones. 
Not much used for building stone. 

Shale. — \ thin layered clay rook, formed by consolidation of clay. No value as a building stone. Sometimes 
value formaking brick, tile, and other burned clay products. 

Limestone, — As used in its broadest sense, the term includes rocks which are made up largely of calcite or dolo- 
nite, or botn. Properly speaking, limestone is applied to the calcite rocks, and dolomite to the dolomitio ones. 
There is no sharp line of separation between the two. Colors of limestone and dolomite are variable, but white, 
rray, or black are common; hardness is also variable. Sand and clay are sometimes common impurities. Texture — 
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coarse to fine. Some vaneties contain large quantities of shells and other fossils. Flint and pyrite may be 
present in some. 

Varieties of limestone proper are: chalk, a soft limestone, of earthy texture and usually white color; travertine, 
a lime carbonate deposit from springs; coquina, a loosely cemented shell aggregate; and onyx, a dense crystalline 
form of lime carbonate, deposited usually on the floor of caves by percolating water carrjdng lime carbonate 

16c. Metamorphic Rocks. — Aletamorphic rocks are those formed by a reor- 
ganization of preexisting rocks, through the action of pressure, heat, and water. They 
usually show a crystalline or grained texture, foliated or banded structure, and low porosity. 
Important types are: 

Quartzite. Hard siliceous rock differing from sandstone in being denser and harder. 

Slate . — -A clay rock, harder than shale, and possessing a well developed cleavage. Color — gray, black, green, 
red, and purple. Texture — very fine. 

Marble . — A crystalline limestone or dolomite. Texture and color, variable. May contain silicate minerals, 
graphite, or other mineral matter scattered through it in grains, streaks, or blotches. Pure marble is white. 

Gneiss . — banded metamorphic rock often having the same mineral composition as granite or sometimes of 
other igneous rocks. Color is variable. 

Schist . — More thinly foliated tfian gneiss, due usually to an excess of bladed or scaly minerals, such as mica. 
Is of little value as a building stone. 

17. Properties and Testing of Building Stones. — The properties of a stone exert a distinct 
influence on its uses and durability. There are standarized tests for some. 

Texture . — The texture, or the grain of the stone, varies from coarse to fine, or regular to 
irregular. Uniformity of grain is desirable. 

The grains of sandstone are usually rounded but may be angular. The grains of igneous 
and metamorphic rocks are angular. Limestones are usually fine grained, but may be very 
coarse if made up largely of shells, or have an oolitic structure. Marbles are apt to show uniform 
texture though some may have the grains more elongated in one direction than another. Greater 
elongation in one direction affects the splitting qualities of the stone and should not be over- 
looked. Texture of marble is affected by mineral impurities and folding. White Alabama 
marble and Italian Carrara are fine grained, while Georgia marble is coarse grained. Granites 
show a wide range of texture but do not reach as great a degree of fineness as marbles. 

Dale has graded Vermont marbles as follows: 


Grain Diameter 



jMaximum average 

General average 

IMiUimeters 

^Millimeters 

jMillimeters 

Inches 

1. Extra fine 

0.2 

0.05-0.10 

0.06 

0 0023 

2. Very fine 

0 5 

0.07-0.16 

0. 10 

0.0039 

3. Fine 

0.75 

0.10-0.25 

0. 12 

0.0047 

4. Medium 

i 1.00 

0.12-0.31 

0. 15 

0.0059 

5. Coarse 

1.50 

0.20-0.60 1 

0.24 

0 0094 

6. Extra coarse 

2.54 

0.30-1.35 : 

0 50 1 

0.0196 


Hardness . — The hardness of a rock depends on the state of aggregation of its component 
mineral grains. A sandstone may be made up entirely of hard quartz grains very loosely 
cemented, so that the rock is soft. There is no standard test for hardness of stone. It can be 
tested by measuring its abrasive resistance, or the rate of penetration of a drill. 

Color . — ^Building stones show a variety of colors including white, brown, red, yellow, gray, 
buff, black, etc. These are sometimes a blend of the colors of the component minerals. 

Sandstones owe their color to the character of the cementing material. Limestones, if pure, 
are white; but carbonaceous matter frequently colors them gray or black. Pure marbles 
are white. Graphitic material colors them gray or blacky while silicate mineral impurities give 
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them various colors, the latter often being disposed in bands or cloudings. In igneous rocks and 
gneisses, the color is commonly due to that of the prevailing minerals, as the pink color of ortho- 
clase in many granites. Change of color is common in some rocks but it does not necessarily 
indicate decay of the stone. Green slates especially may fade; dark limestones may become 
lighter colored on the surface; some pink granites also fade; sandstones occasionally develop 
a rusty hue, the Berea grit of Ohio being a well-known case. Some bluish limestones may turn 
buff on exposure due to the change of the iron in them from the carbonate to the oxide. Atmos- 
pheric dust may speedily discolor light stones, such as white marble. A white scum seen on 
the surface of sandstones is an efflorescence derived from soluble salts. These may come from 
the stone itself or from the mortar. 

Permanence of color can often be gaged by comparison of a fresh surface with a weathered 

one. 

Lighter colored stones are more in demand for general work than dark colored ones, and 
an otherwise perfectly good stone is sometimes rejected because its color is undesirable. 

Polish , — This is affected by the density and character of ^mineral constituents. Dense 
stones take a better polish than porous ones. An aggregation of different minerals gives a 
less continuous polish than a mass of the same minerals. Quartz, feldspar, calcite, and dolomite 
polish well, hornblende and augite less so, while mica is difficult to polish. 

Porosity , — The percentage of pore space varies with different rocks. Granitic rocks, 
marbles, gneisses, quartzites, and most limestones have low porosity. Sandstone is usually 
fairly porous; volcanic tuffs, some lavas, and soft limestones may show high porosity. 

Porosity may be determined by the following formula* 


P = 


W -D 

W - S 


( 100 ) 


in which P = per cent, porositjq W = saturated weight, D = dry weight, and S = suspended 
weight of saturated stone. Saturation may be obtained by soaking the stone in water for 24 
lir. and then boiling for at least 1 hr. 

A fact often overlooked is that the pores of a stone may vaiy in size and shape. Straight 
open pores permit ready drainage of absorbed water. Narrow tortuous pores impede it. Two 
stones of equal porosity might therefore retain absorbed water quite differently because of dif- 
ference in size and shape of pores. 

Stones of high porosity usually show high absorption, but not necessarily low frost resist- 
ance. Some of high porosity may show low absorption because of low permeability, the 
latter being influenced by ease with which the water can pass from one pore to another. 

The following figures give the range of porosity for several kinds of building stones from 
different regions. 



Wisconsin 

Missouri 

Ontario 

Grarxites 

j 0.19-0.62 

0.255-1.452 

0.066-1.5.88 

Limestones 

* 0-55-13.36 

0.32-13.38 

4.947-17.517 

Sandstones 

4.81-28.28 

7.01 -23.77 

i 

0.201- 0.628 


Absorption . — This refers to the amount of water that a stone will absorb when immersed 
under atmospheric pressure and should not be confused with porosity. While stones of low 
porosity can absorb little water and others with high porosity may absorb much water, the 
aborption does not stand in a constant direct relation to the porosity. Moreover, the water 
absorbed by cold immersion under atmospheric pressure does not usually completely fill the 
pores. 

Dense rocks like granites, gneisses, slates, marbles, quartzites, and many limestones, 
usually show a low absorption, often under 1 %. Others including many sandstones, some 
mestones, and many lava or tuff rocks may absorb from 2 % up to perhaps 15 % of water. 
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To test the absorption, a piece of the stone is thoroughly dried at 110 deg. C., weighed, and then immersed in 
water for 48 hr., after which it is weighed again. The increase in weight represents the weight of water absorbed, 
and the percentage of absorption is calculated in terms of the original dry weight. Immersing the stone under a 
vacuum is sometimes advocated, but this gives misleading results as it causes the stone to absorb more water than 
it normally would. 

The quantity absorbed under different conditions does not always show great variation in 
dense rocks, but maj^ vary considerably in porous ones. 

The following tests by Parks give the average ratios of absorption for different rocks under 
different conditions. 


Kind 

One hour 
immersion 

1 Two hours 
i immersion 

1 

! 

j Slow 

immersion 

Vacuum 

immersion 

Immersion 

under 

pressure 

Average of 10 sand- 


! 




stones 

2.411 

1 2.G65 

1 3.552 

4.090 

4.518 

Average of 16 granites.] 

1 0.232 

0.243 

: 0.298 i 

0.371 

0.404 

Average of 10 marbles. 

0.095 

j 0.103 

0 117 

, i 

0.133 

1 0.147 


As a building stone in use absorbs water under atmospheric pressure, and usually only from 
one side, even the ordinary form of testing is liable to make the stone absorb more water than 
it would in use. 

Permeability . — ^Water will permeate stone even though of low porosity, resulting sometimes 
in discoloration by the liquid carrying coloring materials. It has been found that the permea- 
bility does not stand in any direct relation to the porosity, as shown by the following table: 


Stone 

Porosity 
per cent. 

Permeability. C.c. of water passing 

through 3 mm. plate in 1 hr. 
under 15-lb. pres- 
sure per sq. 
in. 

Guelph limestone 

15.883 

90.5 

Guelph limestone 

14.62 

155.1 

Chazy sandstone 

17.517 

2.25 

Medina sandstone 

10.44 

2130.00 

Niagara limestone 

10.443 

12.76 

Beekmantown limestone 

1.313 

0.72 

Potsdam limestone 

4.947 

1.75 

In every case the permeability gradually < 

lecreased. 



Stone may be tested for permeability by cutting slices of the stone 3 mm. thick in a direction at right angles 
to the bedding. Water is then forced through these under a pressure of 16 lb. ijer sq. in., and the amount of flow 
in 1 hr. recorded. 


Quarry Water , — Rocks in the ground contain more or less water in their pores. Quarry- 
men call this quarry water and it is necessary on removal of stone from quarry to let this water 
dry out, or allow the stone to season. ” Drying out of the quarry water, especially that from 
the smallest pores, is accompanied by the deposition of the dissolved mineral matter which it 
contains. This makes the rock often appreciably harder. Its effect is most pronounced in 
the case of porous sandstones and limestones. 

A stone should not be allowed to freeze during seasoning as the quarry water freezing with- 
in its pores may cause it to split. Slate must be split before the quarry water dries out, and 
many stones carve much easier before seasoning, which in some cases makes the stone appreci- 
ably harder. 

The working faces in some quarries are sometimes protected during the freezing season 
either by covering the face, or filling the quarry with water. 
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Since quarry water travels more readily along the rift or bedding, placing a block on edge 
with one side in sand, often prevents disintegration by freezing. 

Strength . — The strength of a stone is governed: (1) by the rock structure, such as rift, 
cleavage, and bedding; (2) by the hardness of the grains; and (3) by the state of aggregations, 
as whether interlocked or cemented, and in the latter case by the nature of the cement. 

Many tests have shown that most building stones have 2 to 10 times the crushing strength 
]‘equired in any structure where they will be used. 

The minimum strength permissible can be determined only by a trained engineer or archi- 
tect, and while few cases of yielding due to crushing are observed, failures due to stresses ap- 
plied in other ways are not uncommon. 

Crmhifig Strength . — Buckley states that the stone at the base of the Washington monu- 
ment sustains a pressure of 314.6 lb. per sq. in., and that, in the tallest buildings the maximum 
pressure at the base is not more than half of this. Assuming, as a wide factor of safety, that a 
stone should have 20 times this strength, a resistance of 3146 lb. per sq. in. will answer all 
ordinary requirements. 

Almost any reputable stone may be used in the construction of ordinary 'walls, but all meiy 
not be suitable for special architectural elements, as pillars, or railroad piers which may not only 
have to sustain a very great weight, but also be subject to jars. 

Stones of high crushing strength are in general denser and heavier than those of low crush- 
ing strength, and hence more durable, but there are not a few exceptions to the last. 

Most building stones show a loss in crushing strength after freezing. Tests for crushing 
stones are made upon cubes of the stone, preferably of 2-in. size. 

The following table gives the crushing strength of a number of different kinds : 


Kind 

Locality 

j Crushing strength, lb. per sq. in. 

Fresh 

j Frozen 

Granite 

Athelstone, Wis. 

j 

19,988 

10,619 

Gratiite 

Montello, Wis. 

38,244 

35,045 

Granite i 

Brockville, Ont 

26,209 

24,634 

Gneiss 

Hall, Ont. 

33,453 

32,271 

Limestone 

Duck Creek, Wis. 

i 24,522 

28,392 

Limestone 

Sturgeon Bay, Wis. 

35,970 

20,777 

Limestone 

Thebault, Ont. 

17,604 

17,600 

Sandstone 

Presque Isle, Wis. 

5,495 

5,930 

Sandstone 

North Carolina 

10,322 

6,625 

Sandstone 

Perth, Ont. 

31,793 

28,912 

Sandstone 

Pembroke, Ont. 

9,539 

10,673 


Following is the range showing by several classes of stones: 


State 

1 

j Kind 

j Kange, lb. per sq. in. 

Missouri 

Limestone 

5,714~-27,183 on bed 

Missouri 

Limestona 

5,774—25,577 on edge 

Missouri 

Sandstone 

4,371—9,002 on bed 

Missouri. 

Sandstone 

3,933— 9,200 on edge 

Missouri 

Granite 

18,236—19,410 

Wisconsin 

Igneous rocks 

15,009 — 47,674 

Wisconsin 

Limestone 

6,675 — 42,787 on bed 

Wisconsin 

Limestone 

7,508 — 50,453 on edge 

Wisconsin 

Sandstone 

4,340—13,669 on bed 

Wisconsin 

Sandstone 

1,763 — 12,566 on edge 

Iowa 

Limestone 

2,470—16,435 

Iowa . . . 

Sandstone 

: 3,660—13,900 
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For working compressive strength of stone masonry, see Appendix L 

Transverse Strength. — The transverse strength is not necessarily related to the crushing 
strength. Following are the ranges shown by several classes of stone: 


Kind 


^Modulus of rupture 


i Wisconsin 

j 

i 

Missouri 

Ontario 

Granite 

2324 . 3-3909 . 7 

' 

1546-3382 

817-4291 

Limestone 

1164.3-4659.2 

851.30-3311.6 

Sandstone 

362 9-1324.0 

418.61-1321.76 

417-2186 

1891-3734 


Elasticity . — Buckley gives the following figures showing modulus of elasticity in Wisconsin 
stones: 



Average 

* yiinimum 

Ivlaximuni 


Granites and rhyolities 

1,111,000 

156,000 

1 2,070,000 


Limestones 

1 786,000 

31,500 

! 1,835,700 


Sandstones 

j 165,000 

1 

32,000 

400,800 



Shearing Strength — Shearing is a form of stress likely to be brought to bear on stone, in 
some parts of buildings. Three granites tested showed a shearing strength of from 1742 to 
2872 lb. per sq. in.; three sandstones ranged from 992 to 1383; and two marbles gave 1163 to 
1554. 

Frost Resistance. — Alternate heating and cooling of a stone causes expansion and contrac- 
tion, which may be detrimental to it, but if the stone is dry the injury is insignificant. With 
water present in the pores, the effects may be quite different. When water freezes it expands, 
and if this water is imprisoned in the pores of the stone, it may exert suflScient internal pressure 
to split* it, and so since the amount of water which may be present in a stone is related to the 
pore space, its resistance to frost is closely connected with that of porosity. 

The frost resistance of a stone depends on: (1) whether or not the pores are full of water at 
the time freezing occurs; (2) the shape and size of the pores, large and straight pores either 
allowing the water to drain off rapidly before it does any damage, or else permitting the ice to 
force its way outward thus relieving internal pressure; and (3) the amount of pore space, for 
the higher the percentage, provided the pores are of equal size and the degree of saturation 
equal, the greater the damage from freezing. 

Pores may be of two kinds, capillary and sub-capillary, the latter remaining filled under 
ordinary draining. Under normal conditions, only a small proportion of the sub-capillary 
pores become filled with water and the worst possible condition would be represented by the 
complete filling of these. So a stone with a large proportion of fine pores is more hable to be 
injured by freezing. Therefore, the ratio between fine pore space and total pore space, gives 
a factor in judging the ability of a stone to withstand frost. Hirschwald obtains this factor as 
follows: 

A dried and weighed test-cube is immersed in water for from 1 to 2 hr. if the stone is to be used above ground, 
and for from 2 to 30 days if the stone is to be used below the ground. The increased weight of cube represents 
the fine pore space that would be filled under worst possible natural conditions. Next the cube is completely satu- 
rated by immersion under vacuum or strong atmospheric pressure, and weighed again. The quotient obtained by 
dividing the increase representing the fine pores by the increase representing the total pores gives the proportion of 
fine pore space to total pore space and is termed the saturation coefficient. If the quotient is greater than 0.9, there 
is danger of the stone being injured by frost, but if less than 0.9 no injury can result. 
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Parks in carrj^ing out the above tests on a series of Ontario stones for work above ground, 
found that the saturation coefficient for granites and gneisses ranged from 0.67 to 0.8; seven 
marbles ranged from 0.44 to 0.94, the finer grained types giving higher results than coarse 
grained ones; sandstones ranged from 0.21 to 0.57, while the limestones varied from 0.11 to 
0.91. 

The iisual but unsatisfactory method of testing frost resistance consists in thoroughly drying a cube of stone 
and then weighing, after which it is soaked in water for 36 hr. It is then subjected to 40 alternate freezings and 
thawings. Following this the stone is dried and re ■weighed- Loss in weight indicates particles chipped off by 
freezing. 

Fire Ref^istauce, — Building stones often suffer serious injury when exposed to fire, or the 
combined effects of fire and water. Stone expands when heated and contracts when cooled, 
but the amount for a bar 1 ft. long, heated 1 deg., is exceedingly small, granite for example 
expanding 0.000004825 in. per ft. for each degree. When subjected to fire, a stone is rapidly 
heated and expanded, and if doused with water undergoes equally rapid cooling and contraction. 
Moreover, stones are poor conductors of heat, hence the exterior of a large block may be quite 
hot, while the interior is still cool, thus setting up stresses which disrupt the stone. Few stones 
have good fire resistance as witnessed by their spalling off during conflagrations. However, 
some stand up better than others. Eocks of close fabric, interlocked grains, and simple mineral 
composition seem to show the best resistance. Tests by McOourt indicated that most stones 
were fairly resistant up to 550 deg. C. At 850 deg. C. all were more or less injured; granites 
and gneisses spalled and cracked; sandstones parted along the bedding planes, a few developing 
cross fractures; limestones were little injured up to temperature of calcinatio n but after that 
failed badly; marbles developed cracks before the calcination temperature was reached. 

In testing for fire resistance, a cube of stone of not less than 3 or 4-in. size is employed, smaller sizes giving un- 
reliable results as the stone gets heated through too readily. Pairs of cubes are heated to 650 and 850 deg. C., 
respectively, one of each pair being allowed to cool slowly, the other cooled rapidly by being plunged into cold 
w'ater. A fifth cube is exposed to a large flame blast for 5 min., allowed to cool in air for 1 min., and again blasted, 
this alternation being repeated until the stone cracks. A sixth cube is alternately exposed to the action of the blast 
and a stream of cold water. -All damage to the cubes is noted. 

Abrasive Resistance. — This property depends on the state of aggregation of the mineral 
particles and in part on their individual hardness. Different stones wear very differently, and 
one of uneven hardness may wear in very irregular manner. The use of stones in steps or even 
floors of public buildings where there is much passing, serves well to bring out their resistance 
to abrasion. 

Abrasion may also be caused by wind blown sand and dust and the effects of this will 
sometimes smooth or polish rocks as hard as quartzite. 

It is not uncommon to find uneven marble floors due to the fact that tiles of uneven hard- 
ness set side by side have worn down very unevenly. 

A common method of testiag abrasive resistance consists in laying a slab of this stone to be tested on a grind- 
ing table, weighting it do-wn, and applying emery or some other abrasive at a given rate while the table revolves 
a certain number of times. The stone is weighed before and after the test and the loss in weight noted. An ob- 
jectioa to this method is the difliculty of feeding the abrasive uniformly under the test piece. 

A second suggested method consists in forcing sand through a 6-cm. opening under a dry steam pressure of 3 
atmospheres for 2 min. The stone to be tested is held immediately over the opening. This test is supposed 
to determine not only the extent to which the stone will be abraded under the given conditions, but also brings out 
irregularities in hardness. 

Specific Gra'vity and Weight per Cubic Foot — The apparent specific gravity of a rock may 
differ from the specific gravity of its component minerals, the former being influenced by the 
porosity, A rock of high porosity will have a low apparent specific gravity. 

Bowles gives the following figures illustrative of the above: — Friable sandstone: specific 
gravity, 1.825; weight per cubic foot, 113.11b.; ratio of absorption, 1.8. Quartzite: specific 
gravity, 2.729; weight per cubic foot, 170.6 lb.; ratio of absorption, 1.566. 

Softening Effect of Water. — The cementing material of some stones, such as sedimentary 
ones, may be softened by contact with water. The degree to which the stone is affected is 
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taken as an index of its durability. By determining the tensile strength of a dry piece and one 
that has been soaked for 28 days, and dividing the latter by the former we obtain the softening 
coefficient. 

Corrosion by Gases. — Both oxygen and carbon dioxide when brought in contact with stone 
through the medium of moisture, may cause corrosion. Oxygen will cause the change of pyrite 
to limonite, or the rusting of other iron minerals. Carbon dioxide causes slow superficial 
disintegration at least by solution of carbonate compounds. Sulphurous fumes may be 
more injurious than those of carbon dioxide. Tests along these lines, carried on for several 
weeks or months, give measurable results. 

The test for corrosion may be carried out as follows: Cubes of approximately 1-in. size may be used, dried at 
110 deg. C., carefully weighed, and the exact superficial area determined. They are then suspended by threads in 
a bottle of distilled water into which a stream of carbonic acid gas is conducted. The water is renewed every few 
days and the treatment continued for 4 weeks. At the end of this time the specimens are removed, washed in dis- 
tilled water, carefully rubbed with the finger tips to remove loose particles, thoroughly dried, and weighed. The 
loss in weight denotes amount of damage caused by the carbonic acid gas and may be expressed in grains per square 
inch of surface exposed- 

Microscopic Examination of Stone. — Microscopic examination as an aid to the study of 
building stone, has received con.'iiderable emphasis in recent years. Such an examination 
should be made by one familiar with the subject and may give valuable information regarding 
structural defects likely to cause trouble, the cause of differences in workability of two stones, 
the presence of injurious minerals not easily seen with the naked eye, etc. 

Sonorousness. — This test is specially applied to marbles and slates. When a good slate 
or sound dense piece of marble in form of a slab is suspended, it gives a clear sound when struck 
with a hard object. Mica slates are usually more sonorous than clay slates. Solid massive 
marbles are more sonorous than brecciated ones. 

Special Tests for Slate. — All of the tests previously referred to may be applied to slate, but 
certain ones may be applied because of certain special uses to which it is put. These are as 
follows: 

Cleaoability . — This is to determine the ease and smoothness with which the slate cleaves. It should be deter- 
mined by a good workman using a thin chisel with a 2-in. edge. 

Character of Cleavage Surface. — In general, the smoother the surface the better, as it gives less chance for lodg- 
ment of injurious materials. Its smoothness may be examined with a hand lens. A good slate also, when scaled 
along cleavage, should show thin chips with translucent edges, hlost good slates show little or no observable 
texture to the naked eye. 

Presence of Lime Carbonate. — -This is determined roughly by treating the slate with dilute hydrochloric acid. 
A slate with high lime carbonate content is generally less durable. 

Presence of Magnetite. — To roughly determine this an inch cube may be pulverized, and tested with, a magnet. 
For electrical purposes slate with magnetite is undesirable. 

Toughness or Plasticity. — This is tested by measuring the deflection when a slate is placed on supports 22 in. 
apart, and pressure applied from above. 

Corrodibility. — The resistance to corrosion is determined by immersing a weighed piece of slate in a solution 
consisting of 98 parts water, 1 part sulphuric acid, and 1 part hydrochloric acid. After soaking 40 hr., the stone is 
dried and weighed, the loss in weight being noted. 

Special Tests for Marble. — In addition to the 'usual tests that -may be applied to all 
building stones, the following are specially used for marbles: 

Porosity. — ^A sawed block 2 X IX 1 in. is thoroughly dried out and then immersed for 48 hr. in a concentrated 
4 % alcoholic solution of nigrosine, a deep blue dye soluble in alcohol. After drying for half an hour the blocks are 
split with hammer and chisel, and the degree of porosity is indicated by the extent to which the color has penetrated 
the blocks. 

This test is important because of the frequent combination of metals and marbles on exposed faces. The 
oxidation of the metal yields coloring compounds which may be absorbed by the marble. 

Translitcence . — The marble is cut into thin slabs and the degree to which it transmits light may be determined 
by ordinary photometric methods. Marbles show great differences in their light transmitting capacity, and this 
effects their translucence. Few marbles have been tested in this manner. The best Pentellic marble allowed 
light to iJenetrate 0.69 in., Parian marble, 1.37 in,, Carrara statuary marble, 1.18 to 1.57 in. 

Statuary Test. — Marble for statuary purposes should be inspected on a dull day with a good light, the 
surface examined being wet. It should show uniform texture, fine grain, and freedom from veins and discolora- 
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Durability of Stone. — ^This is a question of great practical importance. No stones are of 
eternal lasting power but some withstand the \veathering agents for several centuries while 
others show signs of decay in a few years or even in a few months. The factors governing 
durability are; (1) physical and mineralogical characters of the stone; (2) climatic conditions; 
and (3) location in building. Much valuable information can be obtained by observing stones 
in buildings long exposed to weather or the weathered surface in quarries. 

Julien, as a result of observation on buildings in New York City, gives the life of different 
stones in that climate as follows: 

Life in years, or length of time 
before repairs are necessary 

Coarse brownstone 

Fine laminated brownstone 

Compact brownstone . 

Nova Scotia sandstone, untried 

Ohio sandstone (best siliceous variety) perhaps from one to many cen- 
turies 

Coarse fossiliferous limestone . . 

Fine oolitic (French) limestone 

Marble, coarse dolomitio . 

Marble, fine dolomitic 

Maxble, fine 

Granite 

Gneiss, 50 yr. to many centuries. 

A stone for interior w^ork does not require the weather resistance of one for outside work. 
Stone for exterior use meets different conditions whether used above or below ground, or even 
whether exposed in a vertical surface w^here water drains off rapidly, or in a horizontal surface 
where it can accumulate. 

The changes produced in a building stone are those incident to ordinary weathering and 
may be of either physical or chemical nature. Among these, frost action is as a rule the most 
destructive, searching out the most minute cracks and causing the chipping or flaking ofl of 
pieces of rock. The Connecticut brownstone so extensively Used in former years in the eastern 
cities and usually set in the building on edge, often shows serious injury from frost. Warmth 
and humidity are also potent agents of weathering. 

Certain structural irregularities, like grains or lumps of pyrite, veins of calcite, fossil shells, 
and even chert nodules may hasten the decay of a stone. 

In the quarry the rock adjacent to weathered joints is often sufficiently altered to require 
rejection. 

Acid gases in the atmosphere, coming in contact with limestones or marbles, or sandstones 
containing calcareous cement, also work for the slow destruction of the stone. In the latter 
case, sulphuric acid gases attacking carbonates may form soluble sulphates, which are brought 
to the surface as the wet stone dries out. There they may form a white scum on the surface or 
if the salts crystallize in the pores of the stone just below the surface, a scaling off of the stone 
is likely to follow. 

18. Styles of Dreeing Stone. — Rubble is stone of all shapes and sizes that is laid up with 
little or no regularity. Walls laid up this way are known as rubble work. Coursing stone is a 
term applied when the wall is laid up in tiers or courses. The stones may or may not be cut to 
equal length to resemble brick work. Random coursing refers to waUs built up of rectangular 
and bedded blocks of various sizes. Dimension stone properly applies to stone cut to size. 

The recognized methods of surfacing are: (1) rock face — natural broken surface of the 
stone; (2) pointed face — surface dressed comparatively flat by means of the point; (3) ham- 
mered face — surface made plane by hammering with patent hammers of different kinds; (4) 
ribbed or tooth chiseled — surface obtained by using a wide flat-toothed chisel, or more often 
produced by machinery, a common type of finish for many soft stones; (5) sand finished — 
produced by rubbing a surface smooth with sand, often applied to marble for exterior work. 

19. Dressing Machines — Gang Saw, — Used for cutting large blocks up into slabs. Con- 
sists of an upright rectangular frame mth a large post of wood or steel at each corner. Suspended 
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from this and free to swing between the posts^ is a horizontal steel sash hich can be raised or 
lowered. The sash is given a sawing motion bj' means of a pitman, which in turn is operated 
by a belt-driven crank attached to a fly wheel. The saws, which are bands of soft steel 3 in. 
wide and % in. thick, are stretched between the head pieces of the sash, and held in position by- 
keys. The spacing of the saws determines the thickness of the slabs cut. During operation a 
continuous supply of sand and water is fed over the stone and it is the sharp sand which cuts 
the stone. The overflow is caught in a hopper below the block, and used over again. The 
above type is generally used for marble and limestone. For granite and hard sandstone a 
modified form of structure is used, the saw blades are heavier and notched on the edge, and 
chilled shot or crushed steel is the abrasive. 

At one Vermont marble mill the standard saws will cut a block 10 ft. long, 6 ft, wide, and 
6 ft. high. At another mill, saws working on blocks of marble 6 ft. long, sink 1 in. per hour. 

Rubbing Bed, — This consists essentially of a revohdng steel plate or table from 4 to 14 ft. in 
diameter, and driven at a rate of 44 to 48 revolutions per minute. A wooden box surrounding 
the plate prevents scattering of sand and water. The stone is placed face down on the rubbing 
bed and weighted. A cross bar above the table also holds it stationery. Sand and water are 
supplied during the operation. 

Planing Machines, — In these the stone is moved to and fro on a horizontal bed, while it is 
subjected to the cutting of grooves, channels, or cornices. 

Lathes, — These are used for turning columns or other round work. The cutting is usually 
done with a fibced chisel, but in granite work, the chisel is replaced by a steel disc set obliquely 
against the stone and rotating \\dth it. 

Gritting and Polishing Machines. — These give the stone further treatment after the rubbing 
bed. The machines vary in weight and rigidity according to class of work. Marble gritters 
and polishers differ in character of abrasive and speed of rotation. With granite, the head or 
polishing surface is quite different from that used for marble. 

The machine consists of a horizontally rotating disc to which different types of head can 
be attached. The upright spindle and disc are rotated at the end of a jointed adjustable arm 
so that the polishing surface may be moved over all parts of the stone. For marble gritting 
the heads are 12 in. diameter, with blocks of abrasives attached in a radial manner on the under 
side. Finer grades are used as polishing proceeds. Scotch hone is used for final operation, 
operating at 200 r.p.m. Polishers or buffers have felt heads about 20 in. in diameter, operating 
at 400 r.p.m. Putty powder produces the gloss. 

Diamond Saw. — This is used for making single cuts. There are several types but all 
consist essentially of a steel disc in the margin of which a number of carbons are mounted. 

Carborundum Machines. — Carborundum wheels are extensively used in marble finishing 
shops for curved work, moldings, cornices, balusters, etc. The carborundum wheel is first 
set in a lathe, and with a steel tool cut to shape of negative of pattern desired. The wheel is 
then placed on a shaft and marble block on the machine bed travels beneath it. Balusters 
are turned out quicker this way than on lathes. A Vermont company completes in 1 hr. a 
baluster ft. long and 6 in. greatest diameter. Carborundum saws are also used in fluting 
marble columns. 

20. Properties, Distribution, and Uses of the Most Important Building Stones. 

20a. Igneous Rocks. — Many kinds are used in structural work. Among the 
harder denser ones, the granites find greatest favor because of abundance, lighter color, and 
structural features in the quarry. Syenites and diorites are rare and in little demand. They 
possess no advantage over granite. Gabbros are too dark -to suit most architects but occasion- 
ally are of value for decorative purposes. Diabase is hard and not usually obtainable in large 
blocks, but has been used for paving. 

The volcanic rocks, including many lavas and tuffs, are abundant in the far west and Mexi- 
co. They are often porous and soft and adapted for work in a dry climate above ground. The 
granites deserve special mention. 

Granite. — This term is sometimes rather loosely used and may even include gneiss. Dia- 
base and gabbro are sometimes called black granite. Only granites proper are here considered. 
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They show the following properties: texture — coarse to fine, sometimes porphyritic ; coZor red, 
pink, white, gray, and intermediate shades; crushing strength — good, average range 15,000 to 
30,000 lb. per sq. in.; modulus of rupture — average of a number of tests, 1420 to 2410, another 
set gave 2480 — 3382; elasticity — ^rarely tested, one set tested in pieces of 20-in. length, and 5.5 
in. diameter at middle showing compression of 0.0108 to 0.0243 in. under load of 5000 lb. per 
sq. in. with a lateral expansion of from 0.005 to 0.007 in. ; porosity always small, and absorption 
usually under 1 % ; fire resistance— noi good, spalls easily under combined effects of fire and cold 
water; weight per cu. ft— 165 to 170 lb.; specific gravity— about 2.66, which is equivalent to 2 
long tons or 4480 lb. per cu. yd. 

Uses. — Granite has a wide variety of uses on account of durability, textural and color 
variations. Coarser and medium grained varieties are best for massive work, and the finer 
and even textured ones for monumental and decorative uses. Many take a high and durable 
polish, and darker ones often give excellent contrast. 

Distribution of Igneous Rocks in the United States — Eastern Belt. ^Extends from Maine to 
Georgia. The most productive region of the United States supplying granite of varied color 
and texture. The quarries of Maine often located along coast w'here shipments can be made 
by water. Those of Vinal Haven and Hurricane Island, Me., Barre, Vt., Concord, N. H., 
Cape Ann, Quincy and Milford, Mass., Stony Creek, Conn., Mount Airy, N. C., and Stone 
Mountain, Ga., are especially w^ell known. Some, like Port Deposit, Md., have a gneissic 
structure. Windsor, Vt., supplies a magnificent green granite. The Quincy, Mass, and West- 
erly, R. I., are noted for monumental work. A variety of gabbro quarried in the Adirondack 
Mountains of New York is also of ornamental value. Diabase is extensively quarried in the 
Palisades of the Hudson for road material and paving blocks. 

Wiscon&in’-Minnesota Area. — Many good granites occur in these twro states. The Montello 
of Wisconsin is a splendid red for polished monumental work. St. Cloud and Ortonville, 
Minn., are likewise well known. 

Southwestern Area. — This includes the pink granites of southeastern Missouri, the syenites 
near Little Rock, Ark., and Wichita and Arbuckle Mountain districts of Oklahoma, and some 
small areas of excellent granite in Llano and Burnett Counties, Tex. 

Cordilleran Area. — This supplies excellent granites in the Sierra Nevada belt of California, 
and many volcanic rocks adapted for structural work in the area to the east. Granites and 
gneisses occur in the Rocky Mountains but are little used. 

Canada, — The provinces of Quebec, Ontario, and British Columbia contain a number of 
excellent granites. Some excellent volcanics are also quarried on Vancouver Island. 

206. Sandstones. — Texture — ^rar^es from coarse to fine, the former passing 
into conglomerates and the latter by increase of clay into shale; hardness — variable, and depend- 
ent on nature and quantity of cement, the strongly cemented, dense siliceous ones being called 
quartzite; color — ^variable, c'ommonly due to iron cement giving reds, browns, and yellows, 
while clay or organic matter will often give gray; absorption — shows wide range, the hard dense 
ones like quartzites showing under 1%, while more porous ones run as high as 10%; mineral 
impurities — ^pyrite and sometimes mica, the latter if abundant along bedding planes, causing 
stone to split under frost action; crushing strength — shows average range of 9000 to 20,000 lb. 
per sq. in., or higher, but quartzites may run much higher; transverse strength — a set of 10 from 
Ontario showed a modulus of rupture ranging from 417 to 2186 lb. per sq. in.; specific gravity — 
about 2.6; apparent specific gravity — from about 1.8 to 2.7; weight per cu. ft — ^from as low as 
113 to as high as 170, depending on porosity; porosity — oranges from 2% to over 15%; fire 
resistance — fairly good except in dense stones. 

Uses. — ^These include structural uses, as for dimension block, carved stone, steps, floor tile, 
paving blocks, grave vaults, concrete, road material, grindstones, glass sand, and silica brick. 
Some of these, especially the last three, call for stone of special qualities. 

Varities. — ArkosSj composed chiefly of feldspar grains; jBZwesZnne, a flagstone much quarried 
in eastern New York, but the name is applied also to many other bluish gray sandstones; Brown- 
stone, a brown sandstone formerly much quarried in Connecticut Valley, but the name has lost 
its geographic significance; Freestone, a sandstone which splits freely and dresses easily: 
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Graywacke^ a hard compact sandstone, composed of grains of feldspar, quartz, slate, and perhaps 
other minerals with a clayey cement. 

Distribution of Sandstones and Quartizites. — Sandstones especially are very widely. dis- 
tributed in many parts of the United States and Canada. The most important in the former is 
the Berea quarried in northern Ohio and shipped to many points both east and west. Many 
good ones are quarried in Canada. 

20c. Limestones. — Mineral com'position — ^may be either calcitic or dolomitic 
but the two grade into each other; mineral im'purities — pyrite in many and undesirable on ac- 
count of its weathering to limonite, chert not uncommon in some but is undesirable because it 
weathers out as knots and maj^ cause stone to split on exposure to weather, or interfere with drill- 
ing, and cutting; color — ^^^arious shades of blue, gray, black, and white; Actrdncss — ranges from 
soft porous ones, like those of Bermuda or Caen, France, easily cut with saw, to dense massive 
varieties; texture — ^usually fine grained but sometimes coarse; absorption — ^usually under 2% 
but some may run as high as 10 to 12%; crashing strength — shows wide range, a series of 34 
Canadian ones running from 8000 to 37,000; transverse strength — ^variable, some being as low 
as 800 and others as high as 4000, with 2000 about the average modulus of rupture; fire resistance 
— ^fair, at temperatures below that required to convert the stone into quicklime. 

Varieties of Limestone. — Chalk — fine white earthy limestone, not of much use for building; 
Coquina — a loosely cemented shell aggregate found near St. Augustine, Fla. ; Dolomite — a rock 
containing the mineral dolonaite as the chief carbonate; Hydraulic limestone — one containing 
suflScient clayey impurities to be used for making cement; Oolitic limestone — one made up of small 
rounded grains, the Bedford, Ind., limestone and some French ones used for structural work being 
of this character; Travertine or calcareous tufa — a porous limestone deposited by spring ■waters 
and sometimes sufficiently hard and compact for building — ^that quarried near Rome, Italy, is 
exported to the United States for interior work in walls and floors. 

' Uses. — ^Limestones are widely used for all kinds of structural and decorative work, the 
denser harder varieties taking a polish, and sometimes called marble in the trade Much is 
used for lime and cement, road material, blast furnace flux, and in the chemical industries. 
There is thus a market often for the waste stone. 

Distribution. — ^Limestones are so widely distributed that few quarrying districts do more 
than supply a local demand. One exception is the Bedford, Indiana, area whose product is 
shipped to many points in the United States and Canada. Canada contains manj^' limestone 
deposits of excellent character. Not a few decorative limestones are imported, these including 
the Caen, Normandie, and Hauteville stones of France and the Roman travertine. 

20d. Marbles. — This term properly includes those limestones and dolomites of 
crystalline texture, dense character, and susceptibility of taking a good polish. Mineral com- 
position — ^when pure, calcite or dolomite or a mixture of the two — accessory minerals may be 
graphite or mica, often arranged in patches or bands thus giving a decorative effect — serpentine 
may be present in some; mineral impurities — ^pyrite found in any kind, tremolite in dolomitic 
marbles, chert in some; structure — ^this may be massive, banded, or brecciated, the interspaces 
of the latter often being filled by coloring cement which adds greatly to the stones decorative 
value; weathering qualities — ^many massive marbles show excellent durability but the presence 
of bands of mica or other silicates, or brecciated structure detracts from the life of the stone if 
exposed to a frosty climate; color — shows wide range, white, gray, black, red, yellow, brown, 
pink, etc.; texture — ^from coarse to fine; absorption — always low, usually under 1%; crushing 
strength — averages about 15,000 lb. per sq. in. or more; actual specific gravity — 2.7 to 2.9, dolo- 
mite marbles being heavier than calcite ones — ^marbles weigh from 165 to 180 lb. per cu. ft. 

Uses . — Massive, sound marbles of varying texture may be used for ordinary structural 
work or even coarser carving; fine-grained, even-textured and usually even-colored types for 
statuary; colored, clouded, banded, and Brecciated forms much employed for interior decora- 
tion. By matching slabs of banded marble together, highly decorative patterns are sometimes 
obtained. The massive ones containing only carbonate minerals, usually take a more continu- 
ous polish. Slabs are frequently used for floor tiling but the mistake is often made of setting 
pieces of different abrasive resistance side by side. In localities where there is niuch passing, 
the floor rapidly gets uneven. 



936 HANDBOOK OF BUILDING CONSTRUCTION [Sec. 7-20c 

Distribution in United States.— The Eastern belt, from northern Vermont to Alabama, 
supplies a great variety of marbles. Noteworthy are the variegated hard siliceous ones of 
Swanton, widely used for flooring; the white, gray, and green veined, banded, and clouded ones 
of western Vermont; the pink and brown of Tennessee for flooring, wainscoting, and structural 
work; and the white coarse texture, as gray and white of Georgia, for structural work, interior 
decoration, and monuments. Black marbles are quarried in Virginia. Some white and 
streaked marbles are quarried in Colorado, and white or banded ones in California, hlany 
highly ornamental marbles are quarried in Quebec and also British Columbia. 

Serpentine M arbte.— Massive rock composed largely of the mineral serpentine, but con- 
taining var\ing quantities of such impurities, as iron oxides, pyrite, hornblende, pyroxene, and 
carbonates of lime and magnesia. The color is often green or greenish yellow, but others are 
various shades of black, red, or brown. 

It is one of the most decorative stones known but often difficult to obtain in large slabs 
on account of the frequent and irregular joints in the quarries. Most serpentines are also 
unsafe for exterior use in a severe climate as they lose their polish and break along the veins that 
often traverse them. Comparatively" little serpentine is quarried in the United States. That 
from Roxburyy Vt. is one of the best known. Another known as verdoUte is obtained near 
Easton, Pa., and others from Marydand and Georgia. Much is imported especially from Greece. 

Onyx Marble.— A calcareous rock of crystalline texture, high translucency, and usually 
ornamented by veins and cloudings of iron oxide. It is much used for special decorative work 
and is a stone of great beauty". It should not be exposed to the weather or abrasion. Mexico 
has contributed much pnyx to the trade as has also Egypt. 

20e. Slate. — Slates are divided into clay slates and mica slates, the latter being 
the more abundant. These may in turn be subdivided into fading slates of black, green, or 
purplish color, and unfading ones of black, red, green, or purplish color. IMica slates possess 
greater strength and elasticity. 

Structure — Slaty cleavage is the most important property — ^bate, or false cleavage is a 
minute plication resulting in microscopic slips or faults along which the slate breaks easily; 
mineral impurities — pyrite in lumps and grains may be present, and causes rejection of the 
slate — quartz and calcite veins also are undesirable — ^magnetite should be absent if the slate 
is to be used for electrical work. Color — as stated above; texture — fine grained; transverse 
strength — in best slates, modulus of rupture is 7000 to 10,000 lb. per sq. in. ; elasticity — as measured 
by deflection of a slab set on supports 22 in. apart, about 0.27 to spedjic gravity — 2.7; 

absorption — ^under 1 %. 

Uses. — Thinly cleaving slate is used for roofing. Thick slabs, known as mill stock, 
are used for stair treads, toilet partitions, shower baths, urinals, floor tile, switchboards, sinks, 
tubs, blackboards, etc. Roofing slates have usually ranged from 3^ to li in. in thickness, depend- 
ing on size, but modern practice has standardized the thickness at in. for commercial grades. 
Thicker slates are produced for what are known as architectural roofs. 

The price and measurement of slate are figured by^ the square (100 sq. ft.). The number 
of slates required for a square can be determined by the formula: 

_ 28,800 
”'~hd-bl 

in which n — number of slates in square, b = width of slate, d — length of slate, and I = over- 
lap in inches. 

Roofing slate is trimmed with the lower edge parallel to the grain. 

Although slate makes a durable roofing material, in recent years it has had serious com- 
petitors in burned clay tile and various artificial roofing materials, such as asbestos shingles. 

Distribution. — Most of the slate quarried in the 'United States is obtained from the East, 
Maine, Vermont, New York, Pennsylvania, and Maryland being important producers. Some 
is obtained from Arkansas and California. The known localities of good slate are limited, for 
the stone to be salable and durable must meet rather severe requirement. A little is quarried 
in Canada. 
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BRICK 

By D. Knickerbacker Boyd 

Brick is adapted to a variety of uses in the construction of buildings, being used for exterior 
and interior walls, fireproofing, backing up other materials, and decorative effects. The 
possibilities for artistic treatment of wall surfaces are not even limited by the wide range of 
color and texture of brick, for with the use of a given brick, wide variations in color effect and 
texture may be obtained by varying the size, design, and color of the mortar joint. For example, 
a raked-out gray mortar joint will not only give a rougher texture to a wall but will also give 
a darker color effect than if the same mortar be cut flush with the face of the same brick. 

The word ^‘brick,^’ as ordinarily used, refers to a rectangular prism of clay, shale (a form 
of clay), or a combination of these burned in a kiln. Until comparatively recent years, prac- 
tically all brick were burned-clay brick. Brick, however, is now made in which the base is of 
other material than clay, and when such units are referred to, a descriptive prefix should be 
used in connection with the word brick, such as firebrick, slag brick, silica brick, cement brick, 
sand-lime brick, etc. 

21 . Classes of Brick. — Commercially, brick may be divided into four general classes — 
building brick, sewer brick, paving brick, and refractory brick. 

Building trick are the various kinds of brick usually employed in construction work. In addition to “ com- 
mon” brick and “face” brick, such brick as cement brick, sand-lime brick, etc., are used in some localities. The 
usual building brick, made from clay, may be broadly classified as common brick and face brick. 

Sewer trick are usually the “common” building or shale brick indigenous to the locality, sometimes being 
selected for especial qualities (see A.S.T.M. specification for clay sewer brick). 

Paving trick are especially manufactured for the purpose and are burned to vitrification. They are sometimes 
used in building construction for particular effects or purposes. 

Refractory trick are designed primarily to meet special conditions of use, such as resistance to the action of fire 
and gases at high temperature, etc. They include the various kinds of fire brick and such special brick as silica, 
ganister, basic, and chrome brick. ’These latter find their largest use as hnings for various industrial furnaces. 
The American Society for Testing Materials and the Refractory Brick Manufacturers Association have published 
detailed descriptions of results of tests and recommended uses for the various kinds of refractory brick, and the 
latter association has issued several illustrated sheets and charts for standards for this type of brick including those 
of radial shape. 

Common trick is the brick most extensively xised for the construction of walls, piers, etc.; for backing up stone 
and terra cotta; and for fireproofing of steel and iron. In the East, it is usually red — the depth of color, however, 
depending on the composition of the clay, the method of manufacture, and the degree of burning. In the Middle 
West, common brick is usually yellow; and in other sections of the country, the color varies with the clays. 

Face trick are the brick used on the exposed surfaces of walls, piers, etc. Common brick are also used as face 
brick, in which case the bricks of the desired character for the effect to be obtained are usually selected either at the 
kiln or from those intended for the solid wall as laid. As the term “face” brick is generally understood, however, 
through commercial usage, it means a brick especially made for its color, surface texture, and regularity of size, ag 
may be required to produce the desired effect on surfaces exposed to view. 

22 . Color of Brick. — Brick may be obtained in practically any color, the color depending 
principally on the presence of various chemicals, coloring matter, etc., in the clay. The usua^ 
colors are red, buff, gray, iron spot, and manganese spot. Perfectly white brick can be obtained 
only by the use of surface glazes or enamels, but light-gray or cream brick can be produced 
from various mixtures of clay and chalk or from certain marls. 

Among the principal materials affecting the color of the brick are iron, lime, and magnesia. Oxide of iron 
produces a bright red; magnesia, a brown; and magnesia and iron, a drab. Mineral coloring matter, especially in 
connection with dry-pressed brick, is sometimes added to the clay. In addition to the colors themselves, the 
following expressions are in general use: “ clear color,” a brick with a clear color and without flash; “fire flashed,” 
a brick which has been subjected to a reducing action of the fire, thereby bringing out the iron in the clay and pro- 
ducing darker colors on the faces and heads of the brick than is produced in the interior of the brick. 

23 . Raw Materials. — The basic materials of which ordinary building brick are made are 
clay, silicate of alumina or shale, and, in smaller and varying quantities, silica (sand or quartz), 
oxide of iron, lime, and, possibly, some magnesia, potash, and soda. 

For face brick the clay is usually very carefully selected, and often several clays of 
different compositions are mixed to obtain the desired result. 



938 


HMsDBOOK Of building CONSTRUCTION 


[Sec. 7-24 


CZaj/.— Pure clay or kaolin is ’white, and the best quaKties are used principally in the manufacture of china and 
porcelain. The clay used for brickmaking is usually the “surface” material. It generally contains sand (silica) 
and small quantities of iron oxide, lime, and magnesia. 

Clay for making vitrified brick should be fusible, plastic, and able to be heated to high temperature without 
losing its shape. 

Shale. — Brick are also made of shale. This is the natural, soft rock from w'hich clay is produced by decomposi- 
tion, Generally, it makes a harder brick than ordinary clay. 

Sand (Silica). — Sand, if not normally present in sufficient quantities, is added to the clay to prevent cracking, 
and Warping and also to allow a partial vitrification of the material. The larger the proportion of sand 
the more uniform in texture and shape will be the brick, but if used in too large quantity it will cause the brick tu 
be weak and brittle. 

Oxide of Iron. — Oxide of iron acts as a flux, increases the hardness, and gives the brick a red color. 

Lime. — ^Lime acts as a flux and lessens the shrinkage of the brick in drying. The lime should be present in a 
finely divided state, as lumps of lime constitute a serious defect. 

Magnesia, Potash, and Soda. — These act as a flux in burning, thereby causing the grains of silica to melt and 
bind the various particles together. 

24. Manufacture of Brick. — Bricks are made by first properly" preparing the clay and then 
forming it to the required shape. After drying until sufficiently hard to be stacked in the 
kiln, the bricks are ‘‘burned” at a temperature usually about 2000 deg. F. 

The characteristics of brick are largely dependent upon the clay used, the method of 
manufacture emplo 3 ^ed, and the degree of burning. 

According to the methods emplo\’ed in making, brick are known as soft-mud brick, stiff- 
mud brick, drV'pressed brick, repressed brick, machine brick, and handmade brick. 

According to the degree of burning and location in the kiln, common brick are generally 
known as arch or clinker brick, body, cherry, or hard brick, and salmon, pale, or soft brick. 

Soft~m7jd Brick. — Soft-mud brick are molded either by hand or machine from clay which has been reduced by 
the addition of water to a soft and plastic mass. Handmade brick are practically all made by this process. 

Stiff-mitd Brick. — In the manufacture of stiff-mud brick, only enough water is added to make the clay plastic. 
This stiff mud is then forced through a die by machinery and is automatically cut to the required size. They are 
known as end cut or side cut, according as the cut is on the ends or on the sides of the brick. These brick are 
usually distinguished from soft or pressed in that the cut surfaces have a rough texture and the other surfaces 
are smooth. They are always machine made and are sometimes knowm as wire-cut brick. 

Good brick can be made by either the wet or the stiff-mud process, and their relative qualities vary in different 
sections of the country. 

Drj/^pressed Brick. — These are sometimes referred to as pressed brick. They are machine molded from damp- 
ened clay, are practically always used for face work, and include the various hydraulic pressed brick. 

Repressed Brick. — Usually a stiff-mud brick repressed in a press box before burning. The brick is thereby 
made much more regular in shape but wfith consequent increase in the cost. Soft-mud brick, after being partially 
dried, are occasionally repressed, a process that greatly improves the form and increases the strength of the brick, 
but more frequently the term “repressed” refers to a repressed stiff-mud brick. Repressed brick are sometimes 
incorrectly called pressed brick. 

Machine-made Brick. — Any brick not handmade. As all brick may be machine made and as aU but soft mud- 
brick are machine made, the term is indefinite. 

Handmade Brick. — The soft-mud brick are the only handmade brick. • 

Arch or Clinker Brick. — These are the brick which adjoin the firing spaces and being subjected to extreme heat 
are harder and more irregular in shape and color than any of the others. In some cases, they are partly vitrified 
and almost black in color on one or more faces. 

Body, Cherry, or Bard Brick. — These are the most regular in shape and color of the brick taken from the kiln. 
They are neither over- nor imderburned and constitute the major portion of the brick from each kiln. 

Salmon, Pale, or Soft Brick. — These are underburned, being remote from the fire. They have not sufficient 
hardness or strength to warrant their use alone in exposed places, piers, or load-bearing walls involving any consider- 
able weight. They may be used in connection with hard brick for filling and backing up. 

The terms “salmon” and “ pale” refer to the color of the brick and, hence, are not applicable to a brick made of 
day that does not bum red. In most instances, the clay izsed for making common building brick burns red, but 
the localities in which this is not the case are sufficiently numerous to make it desirable to use a different term in 
designating this quality of brick. 

Smooth Brick. — A brick of any of the above types having a relatively smooth surface on its face and ends. 

Water-stmick Brick (Slop Brick).' — A brick of the soft-mud type, the mold having been dipped into water just 
before being filled with clay. They are usually made by hand and, in any case, are more or less irregular in shape 
and color, and the surface is comparatively smooth, 

Scnd-struck Brick (Sanded Brick). — A brick, usually of the soft-mud type, coated while molding on its face and 
ends with sand. The sand is placed in the molds both to prevent the brick from sticking and to give the desired 
surface effect. 
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Rough-texture Brick . — A brick having an artificially roughed surface. Some are irregular in conformation and 
others have ridges ^nd valleys extending in a vertical or horizontal direction on exposed faces. The brick is usually, 
but not necessarily, of the stiff-mud, wire-cut type, and many of them are given trade names descriptive of the 
texture. 

26. Classification of Brick according to Physical Properties. — In 1919, the American 
Society for Testing Materials adopted the report of Committee C-3 on brick which classified 
brick as vitrified, hard, medium, and soft on the basis of physical requirements for absorption, 
compressive strength of brick on edge, and modulus of rupture. The standing of any set of bricks 
was determined by that one of the three requirements in which it was the lowest. The table 
for this classification was published in the previous edition of this Handbook. 

In 1925, it was realized that this table was not based on the latest available results of tests 
on bricks and brickwork which had disclosed much new information. Committee C-3, there- 
fore, undertook the revision of the specifications and, in 1927, presented to the society for 
adoption, as tentative, a new specification for building brick (made of clay or shale). 

The table included in the specification for the classification of such brick and which is the 
result of 2 3 "ears of study on the part of Committee C-3 on brick is given below. In this it 
vn]l be noted that absorption is not longer included as a factor in determining the grade. 


Name of grade 

Ultimate compressive strength, 
pounds per square inch, 
bricks flatwdse 

Modulus of rupture, 
pounds per inch, 
bricks flatwise 

Mean of five 
tests 

Individual 

minimum 

Mean of five 
tests 

Individual 

minimum 

Grade A 

4500 or over 

3500 

600 or over 

400 

Grade B ,. . . 

2500 to 4500 

2000 

450 or over 

300 

Grade C 

1250 to 2500 

1000 

300 or over 

200 


Note. — The above classifications are based on strength and do not necessarily measure weather resistance. 
The tests shall be conducted in accordance with Tentative Methods of Testing Brick, Serial Designation 
C67-28T, of the American Society for Testing Materials. 


26. Quality and Crushing Strength of Brick. — Theoretically, a brick of the very best 
quality should be regular and true in shape and free from kiln marks or depression caused by 
pressure of the brick above it in the kiln. It should be well burned throughout, free from lumps 
of lime, large pebbles, air bubbles, or fissures, of firm, compact texture, and fairly even in color. 
It should give a clear ringing sound when struck a sharp blow with a hammer or against another 
brick. 

For most purposes it is not necessary to require a brick possessing all of these qualities, a 
fairly regular well-burned brick being usually sufficient unless uniformity is desired as in some 
kinds of ^Tace” work. The various standards of quality, moreover, depend upon the kind ol 
brick and the daethod of manufacture employed. 

The crushing strength of brick (and the modulus of rupture), as given in the preceding 
classification table, is valuable in comparing different brands or makes but does not accurately 
represent the strength of the brick masonry, as this strength is dependent on the strength of 
the mortar and care in laying. The results of tests heretofore available have been chiefly on 
individual bricks and on piers.* In 1926 and 1927, however, the Common Brick Manufacturers 
Association and the Bureau of Standards conducted an extensive series of tests on large brick 
walls. (For tests on brick, brick walls, and brick piers, see Appendix H.) Maximum safe 
loads for bnck masonry are given in Appendix I. 

27. Size of Brick. — The Division of Simplified Practice of the Department of Commerce, in 
1923, called a general conference of manufacturers, distributers, and users of face brick and 
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common brick, and as the result of the unanimous action of this conference the Department of 
Commerce through the Bureau of Standards recommended that recognized approximate 
dimensions of the above t 3 ’'pes of bricks should conform to the following: 


Approximate Dimensions, Inches 


Types 

Length 

Thickness 

Width 

Common brick 

8 

2K 

m 

1 £ T-. * 1 

8 


3^ 

Rougn-lace PncK • ■ • • 

bnclv ,« 

8 


33^ 

— — 



It must be understood that these standard sizes are based on the size of an average burned brick and are 
intended to represent close approximate or average sizes rather than absolute fixed dimensions to which no variation 
is allowed. Any layout which allows for ample jointing will take care of small variations in size. In burning, the 
brick shrinks from the size in which it was originally formed; and since the exact amount of the shrinkage depends 
on the composition and kind of raw materials and on the degree of burning, it is commercially impractical to make 
every brick, even with the same method of manufacture, of exactly the same size. The harder burned brick wdll 
average smaller than the softer or underburned brick, and clay from different portions of the same clay bank will 
sometimes vary in the amount of shrinkage, but aU reputable manufacturers will naturally attempt to conform to 
the recogmzed standard size. According to the 1927 specification of the A.S.T.M., the plus or minus variation 
from the standard size permitted is M 6 iu. in thickness, M width, and in. in length. 

Size of Roman Brick . — The National Brick Manufacturings Association in 1889 adopted a size of X 4 X 
12 in. for Roman brick. 

Size of Norman Brick . — The National Brick Manufacturings Association adopted a size of 2% X 4 X 12 in. 
for Norman brick. 

Size of Enameled Brick . — The usual sizes of enameled brick as listed by some of the largest manufacturers are 
as follows: 


Standard size, 
Roman size. 
English size 
Norman size. 
Split size . . 


m 

X 

4 X 

8K in. 

w 

X 


X 11^ in. 

214 

X 

4^ 

X 8H in. 

2K 

X 

4 X 

113^ in. 


X 

4 X 

8 in. 


28. Sand-lime Brick. — Sand Hme brick are of two classes — lime-mortar brick, in which 
the cementing material is carbonate of lime, and sand-lime brick in which silicate of lime forms 
one of the cementing materials. 

Lime-mortar brick is the older form of sand-lime brick and was used only in a small way 
even where sand and lime were cheap and clay brick were scarce. It is virtually a lime mortar, 
molded into the shape of a brick, hardened in the open air in connection with carbon dioxide 
either with or without pressure. 


Sand-line brick are made from an intimate mixture of sand or granular silicate and hydrated calcium lime. 
These two materials are mixed in the proportion of about 6 to 10 parts of sand to 1 of hydrated lime, molded in a 
press, and hardened in a large cylinder filled with steam at 100- to 150-lb. pressure. 

The bonding is the result of the formation of calcium silicate, calcium magnesium silicate, or calcium hydro- 
silicate to the action of the steam upon the sand. 

This form of sand-lime brick is the only one to which the term now applies. 

The natural color of sand-lime brick is whitish, light gray, or pink varying to some extent according to the color 
of the sand used- Other colors may be obtained by the use of inert mineral oxides, but these affect the quality of 
the brick, in proportion to the quantity of the coloring material required. 

The quality of sand-lime brick depends largely on the proper selection of the sand and lime and upon care in 
rnanufactme. The sand should be piore silica sand containing a large proportion of fine grains. Clay or kaolin 
tends to weaken the brick, and not more than 10 % should be permitted. 

Technologic Paper No. 85 of the Bureau of Standards, published in 1919, on the “Manufacture and Properties 
of Sand-lime Brick,” gives a complete description of this product; and in Technologic Paper No. 276 of the same 
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bureau, entitled “Compressive Strength of Sand-bme Brick Walls,” will be found complete descriptions and 
illustrations of a series of tests concluded in 1924. 


29. Cement Brick. — Cement brick or concrete brick or cinder brick, as they are also called, 
are made either by hand or by machine. The binding material should, of course, be Portland 
cement and according to the Tentative Specifications for Concrete Building Brick of the Ameri- 
can Society for Testing Materials, as offered by Committee C-3 on brick, in 1927 the aggregate 
“must consist of sand, gravel, crushed stone, crushed blast-furnace slag, steam-boiler cinders, 
or other equivalent material graded from fine to coarse. No proportions are given, it being 
assumed that each reputable manufacturer will so compoimd the brick and proportion the 
cement to the aggregate as to produce a unit that will satisfactorily meet the requirements 
stipulated for intended use. According to the same specification “when sampled at the plant 
the age of concrete bricks when tested shall be at least 28 days.” To ensure uniformity of 
product and compliance with strength requirements, tests should also be made from time to 
time on brick delivered at the job. 


Coloring matter is sometimes mixed with the cement and sand. Various textures and colors can be obtained 
by the use of different aggregates and by brushing the surface with water or acid before the cement has set. Cement 
bricks for face piirposes are also made by a proprietary process. 


30 , Slag Brick. — Slag brick are made from a mixture of basic slag and slaked lime. The 
silica in the slag usually ranges from 22 to 35%, the alumina and iron oxide together from 16 to 
21%, and the lime from 40 to 51%. In the manufacture, the granulated slag is dried and 
pulverized and the powdered slaked or hydrated lime is added, usually with a small amount of 
water. This mixture is then molded into shape either by hand or by machine and dried for 
from 6 to 10 days in the open air. 

31 . Fire-clay Brick. — In the manufacture of fire-clay brick, certain clays, one of which 
is a plastic clay serving as a skeleton for the brick, are burned until partial vitrification occurs. 
The principal kinds of brick in the manufacture of which fire clay plays an important part are 
fire brick, paving brick, acid-proof brick, and glazed brick. 

' 32 . Fire Brick. — Fire bricks are used for the linings of fireplaces, back hearths, boiler 
stacks, linings of fire boxes in heating and power boilers, and wherever resistance to the effects 
of high temperature is a prime consideration. They are generally made of a mixture of flint 
and plastic clay, are white or white and brown in color, and are graded as first and second 
quality. The first grade has the higher fuse point, is softer, and is of less compressive strength 
than the second grade. 

The expansion and contraction of fire brick is dependent upon the relative proportions of 
silica to alumina, and most of these brick contain sufficient alumina to show some contraction. 

33 . Paving Brick or Blocks. — A very hard ordinary clay brick is sometimes referred to 
and used as a paving brick, but the brick or blocks here described are made from a mixture of 
the more siliceous shales (a fine-grained indurated clay) and fire clay. These are crushed and 
screened, molded or cut to the required size and shape, dried, and then burned for from 7 to 10 
days at a temperature from 1500 deg. F. to a point of vitrification and annealed or toughened 
by slow cooling. In this way, a tougher, denser, and stronger brick is made than is possible 
with ordinary clay or kaolin. 

A vitrified block, larger than the ordinary brick, is made especially for street paving and is 
commonly referred to as a brick paving block. 

Paving brick or blocks are made with plane faces and also with projections so designed that there will always 
be a space between the faces of the brick when laid. Some machines cut the brick with lugs on one side and grooves 
on the other, and others repress the brick, forroing lugs, grooves, rounded edges, etc., by the die in repressing. 

One of the first conferences called by the Division of Simplified Practice of the Department of Commerce was 
to reduce the many sizes then prevailing of paving brick. In successive years, reduction has taken place by unani- 
mous consent, until, in 1927, the following five kinds and sizes became the standards obtaining in Class A, vitrified 
paving brick — subject to plus or minus variation of in. in width and depth and in. in length: 
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Kind 

I 

Depth 

Width 

Length 

1. Plain wire cut (vertical fiber lugiess as usually laid) • • • 

2H 

4 


2. Plain w’ire cut (vertical fiber lugless as usually laid) 

3 

4 

83^ 

3. Plain wire cut (vertical fiber lugless as usually laid) . 

3H 

4 

8^ 

4. Wire cut lug (Dunn) 

4 

3J/2 

8H 

5. Repressed lug • • • - 

4 


8H 


These sizes are stipulated in the Tentative Specifications for Paving Brick of the American Society for Testing 
Materials, 1927, in which and in the Standard Methods of Test for Brick are given the rattler test and loss deter- 
minations for estabhshing qualities. 

Vitrified paving brick, while primarily designed for street paving, are also used, to some extent, m connection 
with building, being adapted for use for floors, wainscotings in industrial buildings, and even special decorative 
effects. 

34. Enameled Brick.— The body of an enameled brick, usually of fire clay, is coated on one 
or two sides with an opaque enamel. 

There are two methods of applying enamel. According to one, the enamel is applied directly to the face of 
the brick; according to the other, the more common method in this country, a transparent glaze is applied over a 
white or colored “slip,” the slip coming between the glaze and the face of the brick. 

Enameled brick may be obtained in w^hite and a large number of colors and in two surface finishes — highly 
glazed and dull or satin glaze. They are used for face work both for interior and exterior walls, especially where 
reflection of light, such as in light courts and shafts, and cleanliness are prime considerations. They are also used 
to a considerable extent for facing tunnels, engine and boiler rooms, store fronts, etc., but should never be placed 
where dampness is liable to attack them from the back. 

The terms “glazed” and “enameled” are sometimes both used to refer to the opaque enameled brick. The 
true glazed brick, how'ever, is also referred to as “salt glazed.” 

35. Glazed Brick.— Glazed brick are made of a fire clay containing felspar, flint, and 
whiting and may be obtained in various shades. They are fired at a high temperature until 
the surface is coated with a transparent glass or glaze. In the manufacture of salt-glazed 
brick, salt is introduced into the kiln during the process of burning. 

Salt-glazed brick are used to a considerable extent for facing areas, garages, market houses, dairies, domestic 
science rooms, wainscotings, face brickwork, etc., and, being non-absorbent and easily cleaned, are especially 
adapted wherever cleanliness and sanitary conditions are of prime importance. 

36. Patented Interlocking Brick. — There have been placed on the market in recent years 
several types of interlocking brick, providing in walls a series of isolated air spaces which 
serve as temperature and moisture insulators. Their makers claim for them a heat-transmis- 
sion ability of from 40 to 60% less than frame, or 25 to 50% less than solid brick or hollow-tile 
construction. 

No ties or headers are necessary or used with the brick, except at openings and corners, etc. Plastering is 
usually recommended to be applied directly to the inside surface, without furring, in which case it is necessary 
to exercise special care at openings and use calking and waterproofing. These brick are either 8 or 12 in. wide and 
about 8 X 2^ in. on the face, and, as laid, each brick represents the full thickness of the wall. Webs made integral 
with the brick hold the inner and outer walls together. Offsets on upper and lower surfaces hold the bricks in align- 
ment, laying in mortar being done in various manners claimed to result in less consumption than with solid walla. 
The standard brick should be laid in running bond. English, Flemish, or Dutch bond may be had by using specially 
f*ut brick, but the cost of these is higher. 

STRUCTURAL CLAY TILE 

By H. Ray Kjngsley 

In the past and, to a considerable extent, at the present time, structural clay tile has been 
variously known as tile, hollow terra cotta, hollow building tile, terra-cotta tile, structural terra 
cotta, and terra cotta. To the structural clay tile industry there is only one name used at 
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present to cover tliis material, namely, “structural clay tile,*^ which covers all structural 
hollow burned-clay tile shapes. The term “terra cotta/’ which is applied to ornamental build- 
ing imits of burned clay, should not be used to designate structural clay tile. The term 
“structural clay tile” is understood to mean the hollow burned-clay material used for the 
construction of walls, partitions, foundations, floors, roofs, ceilings, furring, and fireproofing 
purposes. On account of its adaptability to a larger variety of uses, its lightness, combined 
with great compressive and transverse strength, its fireproof qualities, its resistance to atmo- 
spheric conditions, its sealed hollow cells which provide a very high degree of resistance to 
passage of heat, and its general availability, it has become a widely used building material. 

The ahell of a tile ia its outer walls» the webs are the partitions dividing the tile into cells, and the cells are the 
openings parallel with the shell and w’ebs. 

The scoring is the grooves formed in the exterior faces of the shell to increase the bond of mortar, plaster, or 
stucco. 

In referring to the dimensions of a tile, the length is the dimension betw'een the cut ends; the thickness is the 
dimension at right angles to the face of the wall, floor, or other member in which the tile is used; and the width is 
the dimension at right angles to the thickness and length. In practice, the first dimension given is thickness; the 
second, width; and the third, length. 

37. Kinds of Structural Clay Tile. — 

1. Load-bearing Tile. 

(a) Load-bearing wall tile. 

(h) Hollow floor tile. 

(c) Foundation tile. 

(d) Side-construction tile. A tile designed to receive its principal stress at right angles to the direction 
of its cells. 

{e) End-construction tile. A tile designed to receive its principal stress parallel to the direction of its 
cells. 

2. Non-load-bearing Tile. 

{a) Split tile. A hollow tile which has been knifed parallel with its cells in the process of manufacture 
for the purpose of separation into tyo equal units. 

(Z>) Partition tile. 

(c) Furring tile. A tile used for lining the inside of walls and carrying no superimposed load. 

(d) Porous hollow tile- A clay hollow tile in which the natural porosity of the clay has been increased 
by the admixture of other ingredients. 

3. Boole Tile . — A tile with tongue-and-groove edges resembling a book in shape. 

4. Salt-glazed Tile. — A tile with a vitreous glaze on its surfaces produced by burning salt in the kiln at the 
temperature used in finishing the burning. This tile, when the glazing is unbroken, is impervious 
to moisture and is unaffected by most acids, chemicals, alkali, r^arsh water, vegetable oils, gases, and 
other agents. 

5. Face Tile . — Face tile is made from the same materials as a high-grade face brick, maintaining the same 
various face textures and colors. The finish may be either glazed or unglazed and with a smooth, or a 
rugged surface. The use of colored mortar joints in face-tile walls adds greatly to the appearance. 

38. Manufacture. — The raw material from which structural clay tile is manufactured is a 
clay^ or mixture of several clays from the following soutqqs: shale, a thinly stratified, consolidated 
sedimentary clay^ with well-marked cleavage parallel to the bedding; fire clay, a sedimentary 
clay of low flux content, which is usually found associated with coal measures; surface clay, an 
unconsolidated, unstratified clay, occurring on the surface. 

The clay is pulverized, mixed with water to the proper consistency, forced through a die which determines 
its shape, and then cut into the proper lengths. The tile are then stored in a drying room and, after proper drying, 
are moved to a specially constructed kiln where they are burned at temperatures ranging from 1700 to 2400 deg. F. 
Due to the different kinds of clay used, there is a variety of color in hollow tile. Color cannot be taken as indicative 
of the strength of the tile. 

The exterior surfaces of the tile, except where intended to he exposed to view, are scratched or grooved to afford 
a key for plaster or stucco. In addition to the mechanical bond thus provided, hoUow tile has a very strong natui al 
bond. There is no better surface upon which plaster and stucco may be applied, 

^ The definitions for the terms “surface clay,*' “fire clay,” and “shale*' are based upon the following definition 
for the term “clay”: 

Clay. — An earthy or stony mineral aggregate consisting essentially of hydrous silicates of alumina, plastic when 
suflSciently pulverized and wetted, rigid when dry, and vitreous when burned at a suflSciently high temperatuxa. 
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39. Specification Reqidremeiits. — The following specification requirements are taken 
from the A.S.T.M. Standard Specifications and Tests for Hollow Burned-clay Load-Bearing 
Wall Tile (C34-27J, Tentative Specifications and Tests for Hollow Burned-clay Fireproofing, 
Partition and Furring Tile fC56-27), and Tentative Specifications and Tests for Hollow Burned- 
clay Floor Tile (Co7-27). The specifications are for tile made from surface clay, shale, fire 
clay, or admixtures thereof. 


Classification. — According to the results of physical tests, the tile shall be classified as hard, medium, or soft 
on the basis of both strength and absorption requirements for any given kind and class. 

Strength and Absorption Requirements 


Structural Burned-clay Load-bearing Wall Tile 


Class 

Absorption, per cent 

Compressive strength, based on gross area, 
pounds per square inch 

End construction 

Side construction 

IVIean of 
five tests 

Individual 

maximum 

Mean of 
five tests 

Individual 

minimum 

Mean of 
five tests 

Individual 

minimum 

Hard 

12 or less 

15 

2000 or more 

1400 

1000 or more 

700 

Medium 

16 or less 

19 

1400 or more 

1000 

700 or more 

500 

Soft 

25 or less 

28 

; i 

1000 or more 

700 

500 or more 

350 


Gross area shall be taken as the total area enclosed by the outside dimensions of the unit taken in a direction 
perpendicular to that in which the load is carried. 

Where end-construction tile are used on the side, they shall meet the requirements of that construction, and 
vice versa. 

All tile shall be so designed that substantially the same masonry strength will be developed in all wall thick- 
nesses for which they are to be used. 


Structural Burned-clay Floor, Fireproofing, Partition, and Furring Tile 


Class 

Absorption, per cent 

Compressive strength based on net area, 
pounds per square inch 

End construction 

Side construction 

Mean of 
five tests 

Individual 

maximum 

Mean of 
five tests 

Individual 

minimum 

Mean of 
fiive tests 

Individual 

minimum 

Hard 

12 or less 

15 

4600 or more 

3000 

2400 or more 

1700 

Medium 

16 or less 

19 ' 

3200 or more 

2250 

1600 or more 

1100 

Soft 

25 or less 

28 

2000 or more 

1400 

1200 or more 

850 


Where end-construction tiles are used on the side they shall meet the requirements of that construction, and 
vice versa. 

Weights . — ^A tolerance of 5 % will be allowed on the following standard weights: 
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Stetjctural Btjrned-clat Loab-bearing Wall Tile 


Size of unit, inches 

Number of 
cells 

Standard dry 
weight, 
pounds 

3^ X 12 X 12 

3 

20 

6 X 12 X 12 

6 

30 

8 X 12 X 12 


36 

10 X 12 X 12 

6 

42 

12 X 12 X 12 

6 

48 

12 X 12 X 12 

i ® 

52 

3^ X 5 X 12 

1 

9 

8 X 5 X 12 

2 

16 

8 X 5 X 12 

3 

16 

8 X 5 X 12 (L shaped) 


16 

8 X 6K X 12 (T shaped) 

4 

16 

7 X 7^ X 12 (square) 

6 

24 

8 X lOM X 12 (H shaped) 

7 

32 

8 X 8 X 8 (cube) 

9 

IS 


Standard Partition Tile 


Dimension, inches 

Minimum number of cells 

Standard dry weight, pounds 

3 X 12 X 12 

3 

15 

4 X 12 X 12 

3 

16 

6 X 12 X 12 

4 

25 

8 X 12 X 12 

4 

30 

10 X 12 X 12 

4 

35 

12 X 12 X 12 

1 

4 

1 

40 


Flat Arch Floor Tile 


Depth of arch, inches Standard dry weight, per square foot of floor, pounds 

6 26 

7 29 

8 32 

9 35 

10 38 

12 42 

15.* 50 


Segmental Arch Floor Tile 


Depth of arch, inches Average dry weight per square foot of floor, pounds 

6 30 

8 36 

10 40 


Tile for Use in Combination Structural Clay Tile and Concrete Construction 


Size of unit, inches 

Minimum number of cells 

Standard dry weight, pounds 

4 X 12 X 12 

S 

16 

6 X 12 X 12 

4 

25 

8 X 12 X 12 

4 

30 

10 X 12 X 12 

4 

35 

12 X 12 X 12 

4 ! 

40 
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Dimensions. — No dimension shall vary more than 3 % from the standard dimensions for any form of tile. 

Weathering Resistance (Load-bearing Wall Tile). — All tile used in exterior work subjected to weathering con- 
ditions shall be able to withstand 100 alternate freezings and thawings. Tile classed as hard or medium by these 
specifications may be considered as meeting the weathering requirements, provided they are burned to the normal 
maturity for the given clay. Tile classed as soft shall be accepted as meeting the weathering requirement only 
on the basis of freezing tests. 

Fire Resistance. — Load-bearing W'all tile shall meet the following requirements as tested according to the Ten- 
tative Specifications for Fire Tests of Building Construction and Materials (serial designation C19 26T) of the 

American Society for Testing ^Materials as they apply for bearing w'alls and partitions and to be acceptable shall 
develop the following resistance periods as tested unplastered: 


Thickness of wall, 
inches 

Number of units in wall 
thickness 

Number of cells in wall 

Resistance period hours* 

8 

1 

2 

IM 

8 

1 

3 

2 

12 

1 

3 

3 

12 j 

2 

3 

4 

12 1 

2 

4 

5 

16 

2 or 3 

4 

8 

16 

2 or 3 

6 

10 


* These are near the minimum values developed in tests. The average results will generally be higher. Plas- 
ter coatings fi in. thick applied on both sides and remaining in place throughout the fire test will increase the 
periods by 1 to 2 hours. 


For floor tile and fireproofing, partition and furring tile, in cases where the fire resistance is an essential prop- 
erty, the purchaser shall specify the degree of fire resistance (fire-resistance period) required, and the manufacturer 
shall supply such available information on the fire-test performance of the given or closely similar product as 
will aid the purchaser in deciding whether the requirements are met. Further tests in accordance with the Tenta- 
tive Specifications for Fire Tests of Building Construction and Materials (serial designation C19-26T) of the 
A.inerican Society for Testing Materials may be conducted by the purchaser 

Workmanship and Finish. — All tile shall be well burned and reasonably free from laminations and from such 
cracks, blisters, surface roughness, and other defects as would evidently interfere with the proper setting of the tile 
or impair the permanence of the construction. 

The exterior surface of all tile intended for plaster or stucco shall be scored in such a manner as to give good 
adhesion. 

Marking. — AH tile shall bear the initials, name, or trademark of the manufacturer. Load-bearing tile shall 
also bear the word loae bearing. Hollow tile intended for use in partitions shall also be marked partition. 
These marks shall be indented on the exterior of the tile and shall be painly legible. 

Inspection and Rejection. — Proper facilities shall be provided the purchaser for sampling and inspection either 
at the factory or at the site of the work, as may be specified in the contract. At least 10 days from the time of 
sampling shall be allowed for the completion of the test. The inspection shall be based on the requirements specified 
above. All tests shall be made in accordance with the methods hereinafter prescribed. 

Individual tile shall be rejected for failure to meet the weight, size, or workmanship and finish requirements. 
In case of failure to meet the absorption and strength requirements for the class specified, the seller may sort the 
shipment, and new samples shall be selected by the purchaser from the retained lot and tested at the expense of the 
seller. In ease the second set of samples fails to meet the test requirements, the entire lot shall be rejected. 

Except as specified imder Weights and unless otherwise agreed, the expense of inspection and testing shall be 
borne by the purchaser. 

Tests and Testing. — Consult the A.S.T.M. specifications previously mentioned for standard tests and methods 
of testing. 

40. Tests on Structtiral Clay Tile. — Since about 1920, many tests have been made by the 
United States Bureau of Standards (with the aid and cooperation of the Hollow Building Tile 
Association) to determine the strength and other physical properties of structural clay tile, 
structural clay tile masonry, and structural clay tile floors. 

40a. Strength Tests on Load-bearing Structural Clay Tile Walls. — Strength 
tests of 70 structural clay the walls constructed with ordinary workmanship and built under 
average indoor conditions were made. 

The walls tested were all 6 ft. long and 9 ft. high and either 8 or 12 in. thick. In their construction, 14 different 
lots of tile and four different mortar mixtures were used. Before being tested in compression under central loading, 
27 of the walls were subjected to a transverse test; 53 of the walls were tested in compression und^ central loading, 
and 17 under eccentric loading. 
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Compression Strength op Strecterai. Clat Tile Walls 




Construction 

Mortar 

Number of 
walls 

End 

Side 


Compressive 

Strength, 




gross area. 

pounds per 



pounds 

square inch 

Lime (lHT:35f) . . ■ • 

4 

i 90-90 

160-170 

Cement lime ... 


i 240-430 

240-480 

Cement lime (1C: 1>^Z.: 4 jS) . . .... 

1 29 

440-690 

220-510 

Cement (1C: 38) 

1 4 

340-370 1 

350-370 


The mortar and workmanship seemed to be the most important factors affecting the strength of the walls. 

There seemed to be no constant ratio between the strength of the walls and the strength of the tiles, but,*in 
general, using the same mortar, this ratio decreased with an increase in tile strength. 

With the eccentrically loaded walls, the maximum loads supported were about 60 % of the loads for similar 
walls centrally loaded. 

The transverse strength of the walls was largely affected by differences in mortar and in the position of the tiles. 
In general, the stronger mortars gave higher transverse strength, and the wall having the tiles laid on the side were 
stronger under side load than with the tiles on end. TThe results of the transverse tests show that the S-in. walls 
resisted side pressures equivalent to 30 to 115 lb. per ft.^f, and the 12 in. walls, side pressure of 120 to 150 lb. per 
ft.2 

The average strengths of each set of side-construction walls built of tiles having a compressive strength of more 
than 500 lb. per in.2 and with 1C: 1>^L: 45? mortar were, in aU cases, greater than 330 lb. per in.^ The average for 
end-construction tile walls was greater than 450 lb. per in.2 

The end-construction walls were stronger than the side-construction walls only when built with rich mortar 
and with the central longitudinal webs of the tiles in bearing. 

The average net area compressive stress of the 107 individual tile tested, including 29 tile which would grade as 
soft and partition tile, amounted to 4000 lb. per sq. in. net area of tile section. The average net area compressive 
strength of all the medium and hard side- and end-construction tile tested amounted to 4500 lb. per sq.in. Some 
of the tile tested 8510 lb. per sq. in. Other structural clay tile has tested over 12,000 lb. per sq. in. 

406. Tests of Structiiral Clay Tile and Concrete Slabs Reinforced in One 
Direction. — The following discussion is taken from Technologic Paper No. 291, of the Bureau 
of Standards. 

Beams, which represented sections of typical combination structural clay tile and concrete floor slabs !‘einf orced 
in one direction, were made and tested in the laboratory for the purpose of obtaining information on the value of 
hollow tiles in resisting bending and shearing stresses- The test pieces consisted of 42 beams from 8 ft. 10 in. to 
15 ft. 3 in. long, all 8 in. in depth and having a maximum width of 30 in. For the purpose of comparison, two 
concrete beams having the same sectional area as the gross sectional area of the composite beams and three concrete 
beams having the same sectional area as the concrete ribs in the composite beams were also tested. 

Observations were made of the deformation in the concrete, tiles, and reinforcement, deflection of the center 
of the beam, and development of cracks as the loads are applied. 

The results of these tests seem to warrant the following conclxiaions: 

For Beams 'without Topping. — 1. In resisting bending stresses each hollow tile and concrete rib in the com- 
bination beams was equivalent in strength to a rectangular concrete beam having a width at least equal to the width 

Et 

of the concrete rib plus 1.3 (s + «?) ^ where 

Be is taken as 2,000,000 lb. per in.® and 
8 c= thickness of one vertical tile shell, inches 
w = thickness of one vertical tile web, inches, and 
Et = modulus of elasticity of the tiles, lb. per in.® 

2. The average strength of the beams having mortar in the cross-joints between the tiles was only slightly 
greater than the average strength of the corresponding beams having open joints. 

3. The effect of the tiles at loads less than the maximum upon the deformations in the concrete, the position 
of the neutral axis, and the deflections was apparently equal to or greater than the effect of adding a width of con- 

Et 

Crete to each concrete rib equal to 2 (a + w) 
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4, The compressive stresses in the shells of the hard tiles in contact with the concrete ribs were greater than the 
compressive stresses in the adjacent concrete. 

For Beams ‘With a Topping . — The top shells of the tiles in contact with the concrete seemed to be as effective 
in resisting compressive stresses as an equal area of concrete in the same location. 

For Both Types of Beams. — 1, On the assumption that the shearing resistance of the concrete in the combina- 
tion beams was equal to its resistance in the concrete beams which failed by diagonal tension, the assistance of the 
two rows of half tile adjacent to each concrete rib was at least equivalent to the following widths of concrete in 
resisting shearing stress: Tile of lot 1, 2.2 in.; tile of lot 2 with mortar joints, 1.9 in.; tile of lot 3, 3.4 in.; tile of lot 
3 wath mortar joints, 2.5 in.; tile of lot 4, 2.4 in. 

2. The combination beams containing bent-up bars for web reinforcement resisted an average shearing stress 

over the section of 541 lb. per in. ^ without visible indications of diagonal tension failures. (These bent-up 

bars were provided with special anchorage by means of hooks in the sohd concrete sections beyond the supports.) 

3. The strength of the bond betw^een the concrete and tiles ev'en with open joints was sufficient to permit 
failures of the beams by compression and diagonal tension. These seemed to be no failures caused primarily by 
the failure of this bond. 

40c. Fire Tests. — Since 1920, several series of fire tests, with compression and 
other auxiliary tests of individual tile, have been completed by the U. S. Bureau of Standards 
with the cooperation of the Hollow Building Tile Association. 

The final results and conclusions from these tests have been prepared for publication as a 
paper in the Bureau of Standards Technologic series. 


Fire-resistance Periods of Walls of Load-bearing Structural Clay Tile When 
THE Resistance Period Is Limited by the Temperature Rise op 

THE LnEXPOSED SiDE OP THE WaLL 


Thickness of wall, inches 

Number of 
imits in wail, 
thickness 

Number of 
cells in wall, 
thickness 

Fire-resistance period, 
hours 

Unplastered 

Plastered, 
both sides 

8 

1 

2 


2)4 

8 

1 

3 

2 

3 

8 (brick faced and plastered on fire side only) 

2 

1 


m 

8 (furred one side) 

2 

2 or 3 


5 


1 

3 

3 

4 

12 

2 

3 

4 

5 

12 

2 

4 

5 

7 

12 (brick faced and plastered on fire side only) 

2 

2 


6 

16 

2 or 3 

4 

8 

10 

16 

1 

2 or 3 

6 

10 

12 


As shown in the preceding table, when the temperature rise on the unexposed side of the wall governs the fire- 
resistance period of the wall, this period is dependent on the wall thickness, number of cells, or shells, and use or 
non-use of plaster. In addition, the type of construction, the design of the units, and the workmanship are also 
important factors. 

Briefly summarizing, it can be said with reasonable certainty that standard- weight tile, properly made from 
suitable clay, will ensure tile walls capable of giving the fire-resistance periods indicated. On this basis, walls 8 
m. thick win probably be adequate in residence, office, or institutional occupancies where no considerable accumula- 
tion of combustible material is present. The fact that for fire-resistive interior construction 12 in. is the general 
minimum waU thickness used gives an added factor of safety. For mercantile or manufacturing occupancies with 
moderate amounts of combustible materials, the 12-in wall will apparently be adequate. For heavier manu- 
facturing warehouse or storage occupancies, walls heavier than 12 in. may be needed, particularly if not plastered- 
Sixteen-inch unplastered walls give fire-resistance periods of from 8 to 10 hr., and, if plastered, 10 to 12 hr. 

It is therefore shown by these tests that hollow tile walls in practical thicknesses will provide a full range of 
protection under all conditions usually encountered in connection with fires and buildings. 

40c?, Absorption, Freezing and Thawing Tests. — Results of tests made on many 
vai-ieties of tile and results of investigations made on structural clay tile buildings indicate that 
structural clay tile which is acceptable for different uses according to the A.S.T.M. Standards 
and Tentative Standards will prove satisfactory for the respective construction purposes. 
See Art. 39 for specification requirements. 
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40e. Adhesion Tests. — Adhesion tests have been made on medium structural 
flay tile, using gypsum plaster for experimental purposes. Scratched scoring gave best results. 
Grooved scoring gave poorest results. Tests show that structural clay tile provides a very 
strong base for gypsum plaster. Plaster-adhesion tests on smooth tile gave a minimum of 1 
lb. per sq. in. Cement and cement-lime plaster tests have been made upon structural clay tile, 
and excellent results have been obtained. 

40/. Ordinary Temperature Tests. — The incomplete results of ordinary tem- 
perature tests on structural clay tile and other fireproof building materials discloses the fact 
that structural clay tile is a good insulator against the passage of heat compared to concrete, 
brick, and stone. This is mainly due to the sealed air cells in the structural clay tile walls. 

40g^. Sound Tests. — Tests on transmission of sound through various building 
materials are being conducted by the Bureau of Standards. Of the fire-resisting building 
materials, structural clay tile with g\psum plaster provides one of the best sound-insulating 
materials. 

41. Minimum Requirements for Masonry Structural Clay Tile W all Construction. — Recom- 
mended Minimum Requirements for Masonry Wall Construction, by the Bureau of Standards, 
specifies that: 

Structural clay tile used for exterior bearing walls or piers or for party walls shall be of quality at least equal 
to the “Medium Class” as prescribed by Specifications for Hollow Burned-clay Load-bearing Wall Tile of the 
American Society for Testing Materials. 

When used for non-bearing purposes and not exposed to the weather, structural clay tile may be of a quality not 
inferior in any respects to the “Soft Class” described in the above specifications. 

Walls of structural clay tile shall be supported at right angles to the wall face at intervals not exceeding 
sixteen times the wall thickness in top stories, or eighteen times the wall thickness elsewhere. Such lateral 
supports may be in the form of cross walls, piers or buttresses when the limiting distance is horizontal, or 
floors when the limiting distance is vertical. All such walls, piers, etc., shall be properly bonded and of sufficient 
strength to withstand all wind forces acting upon them. 

The maximum allowable compressive stresses in masonry of structural clay tile due to combined live and 
dead loads shall not exceed 80 lb. per sq. in. of gross sectional area, when laid in Portland cement mortar, ana *0 
lb. per sq. in. of gross sectional area when laid with special cement lime mortar. 

Walls of hollow tile shall not exceed 50 feet in height above the top of foundation walls. 

The minimum thickness of exterior walls of structural clay tile construction shall be 12 in. for the uppermost; 
35 feet of their height and at least 16 in. for the remaining lower portion; except that the top story wall of a 
building not exceeding three stories or 40 ft. in height, or the wall of a one story commercial or industrial build- 
ing may be 8 in. thick, provided that the roof beams are horizontal; and except that exterior walls of one and two 
family dwellings may be 8 in. thick for the uppermost 20 ft. 

When gable construction is used for such dwellings an additional 5 ft. is permitted to the peak of the gable. 

When face brick is backed up with structural clay tile and bonded at least every sixth brick course with 
header brick the full cross section of the wall may be considered in computing bearing strength. 

Fire walls of structural clay tile shall be not less than 16 in. thick in any part, except that for residential build- 
ings they may be not less than 12 in. thick throughout. 

Fire division walls of structural clay tile shall be not less than 12 in. thick in any part, and for buildings of 
storage and heavy manufacturing occupancy they shall be not less than 16 in. thick throughout. 

Non-bearing partitions of structural clay tile shall be built solidly against the floor and ceiling construction 
below and above and shall not exceed the following unsupported heights: 


Partition thickness, inches 

2 

3 

4 

6 

8 

Partition height, feet 

8 1 

i 

12 

15 

20 1 

25 


Foundation walls of structural clay tile shall be not less than 12 in. thick. 

Panel and inclosure walls in buildings of skeleton construction shall be not less than 8 in. thick if of structural 
clay tile. 


CAST mON 

Bt James H. Herron 

42. Kliids of Cast Iron. — Cast iron may be considered of several classes, depending upon 
the compositon and method of manufacture. Falling within the general term, there is the 
so-called gray cast iron, semi steel and white cast iron; the latter is subsequently treated to pro- 
duce the so-called maUeahle iron. While the term cast iron is not usually applied to the white 
aqd malleable irons, it rightfully should be under the general definition of this material 
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43. Methods of Maniifacture. — Cast iron has its source in the blast furnace where the ore 
is reduced to the metallic iron and cast into pigs, commonly known as pig iron. ^ This metallic 
iron carries with it certain elements w’hich have a marked effect upon the physical properties 
of the material — such elements as carbon and sulphur which the iron picks up from the coke 
with which the ore is smelted; silicon which is picked up from the silica present in the ore and 
ash of the coke; and manganese and phosphorous which are present in the ore. All of the above 
elements have some effect upon the physical properties of the material, therefore the foundi^ - 
man is compelled to use discrimination in selecting his materials in order to get the properties 
desired. In view of this it is unwise for the engineer to specify the chemical properties of the 
cast iron. He should limit himself to the physical properties, permitting the founder to supply 
what best meets the physical need. 

Cast iron may be poured direct from the blast furnace or remelted from pig by any one of the following methods: 
cupola furnace; air furnace; electric furnace; open hearth furnace. Only foundries making a large tonnage of 
easting and located adjacent to a blast furnace, can satisfactorly use the direct method; consequently, as a rule one 
of the other methods will be in use. The cupola furnace, using iron scrap and pig, is common in making gray iron 
castings and also to some extent in making small white and malleable iron casting. The air furnace is used to a 
limited extent only in making iron casting but is generally used in making white and malleable iron castings. The 
electric furnace is used in making both gray and white (and malleable) iron castings, while the open hearth furnace 
IS used only in making white and malleable castings where the tonnage is large. 

Very little iron for construction purposes will be melted by any other method than in the cupola furnace, 
and while the air and electric furnaces produce better products, the cost is higher and they are therefore not in 
common use. 

44. Gray Iron. — Gray iron castings made from gray iron, are usually known to the trade 
as “cast iron.” Gray iron is defined by the International Association for Testing Materials 
as “Iron containing so much carbon that it is not usefully malleable at any temperature, and is 
restricted to cast iron in the form of castings.” Gray cast iron, or properly speaking, gray iron 
castings are produced as above stated, using metal directly from the blast furnace or pig iron, 
the produce of the blast furnace, and scrap melted in the cupola, air or electric furnace. 

Gray cast iron always contains an important percentage of carbon, ranging from 3 to 4%, 
and an important percentage of silicon. The carbon present in gray iron is in two forms, called 
graphitic carbon and combined carbon, and the material is hard or soft depending upon the 
proportion of these two forms of carbon. In other words, the castings are hard when the com- 
bined form of a carbide of iron and adds to the strength and hardness of the material. The 
graphitic carbon is graphite in the form of thin flakes, leaving a net work or regular skeleton 
of the alloy surrounding it. 

In general gray iron may be considered a mass consisting of particles of graphite surrounded 
by a matrix of metallic alloy. The strength of iron is greatly affected by the condition of the 
carbon. The crystals of the graphite are brittle and show decided cleavages, hence they cannot 
be a factor in the strength of the iron. Thus by breaking up the continuity of the matrix the 
graphite causes weakness which will vary directly with the quantity. 

The silicoji plays an important part in the physical properties of gray iron, not directly, but in its effect on 
the condition of the carbon. The higher the silicon, the greater the amount of graphitic carbon, hence the less 
the amount of the combined carbon, and the softer the iron. The foundryman therefore regulates the physical 
properties of his material in regulating the amount of silicon by the proper mixing of his different irons. 

Sulphur has the opposite effect of silicon and tends to harden the iron by increasing the combined carbon. 
Thus, sulphur is to be avoided in soft irons and only plays an important part in the so-called chilled irons, as 
in car wheels and like products where the surface is rendered hard. 

Manganese tends to harden the iron and to offset the effect of the sulphur. It is sometimes referred to as a 
veil for the sulphur so that when high sulphur iron only is available some increase in the manganese will offset 
the difficulty to be expected with high sulphur. 

Phosphorous in cast iron is not detrimental in percentages varying from 0.30 to 0.60 %. Where great fluidity 
is required, the amount may be as high as 1.00 %. 

The above discussion of the effect of the chemical constituents upon the physical properties of gray iron is 
not given with a view of encouraging the engineer to write his own chemical specifications for what he thinks 
desirable, but to endeavor to show him the futility of such effort. The chemical constituents of gray iron should 
be determined by the foundry metallurgist and the engineer should only specify the physical properties he desires. 

The physical properties of gray iron vary between somewhat wide limits depending upon the size and dimen- 
sions of the casting. The American Society for Testing Materials publishes a flexible specification (see A.S.T.M. 
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Specification for Gray Iron Castings, A4S-1S) which gives the physical properties to be expected in different casting 
thicknesses. The specification is perfectly rational and can be met by any foundry man without imposing upon 
him an undue burden. It is therefore wise to follow these specifications, care being taken that the one of the 
latest revision be used. These specifications are changed from time to time as the art improves. 

Gray iron possesses comparatively little strength in tension and no ductility. This therefore renders the use 
of gray iron castings in tension uncertain and they should not be so used unless the load is static and unit stress is 
low. Gray iron possesses its greatest value in compression where the ultimate strength is about four times that 
in tension. For construction purposes it is therefore wise to consider gray iron only in compression. It should 
be used for column bases, floor plates, columns under some conditions, etc. 

45 . Semi-steel. — Semi-steel, so called, is subject to the same discussion as in the case of 
gray iron, and is made by adding steel scrap to gray iron mixtures in the melting furnace. 

Semi-steel is supposed to be stronger than gray iron but unless care is taken and the foundiy- 
man thoroughly understands the manufacture of semi-steel, there is great question whether there 
are any beneficial results. The usual additions of steel scrap vary from 10 to 25%, and the 
strength increases with added amounts up to about 30%, above which the strength tends to 
fall off. Semi-steel may be used where greater strength is desired than can be realized from 
gray iron and the same character of applied stress should govern. Semi-steel is more properly 
known as high-strength gray iron and is so designated by the American Society for Testing 
Materials under serial No. xA.-88-24. In this specification the minimum strength specified is 
28,000 lb. per sq. in. in tension. 

46 . White Iron. — T^Tiite cast iron is used only in cases where a chilled surface is required 
to resist abrasion, but when there is no tensile stress or shock. In white iron the carbon is all 
in the combined form, therefore it cannot be machined except by grinding. Inserts of white 
iron ore are sometimes used when there is sliding contact. 

47 . Malleable Cast Iron. — Malleable cast iron, which is commercially known as malleable 
iron, is defined by the International Association for Testing Materials as ^‘Iron which is first 
cast iron and later made malleable without remelting.” Malleable cast iron is first cast in 
white iron using the air, cupola, electric or open hearth furnace. Small castings are frequently 
produced by cupola melting but the majority of all castings are produced in the air furnace. 
After casting as white iron (all of the carbon in the combined form), the castings are inspected, 
after which they are packed in boxes with an oxidizing agent, in which they are heated for a 
period of from 5 to 7 days. In this treatment known as annealing, the combined carbon is 
changed to the form of graphite, known as temjyer carbon. At the same time the outside surface 
is decarbonized by the action of the oxidizing agent. The form of the graphitic carbon varies 
from that of gray iron inasmuch as the gray iron is in the form of flakes and therefore occupies 
the greater part of the cross sectional area, while in malleable iron it is in the form of nodules 
occupying a lesser amount of the cross sectional area, leaving a greater percentage of the matrix 
effective. Since the carbon is practically all graphitic, the matrix is soft and ductile. 

The use of malleable iron is constantly growing and at some future day will find an extended use in construc- 
tion work. It is now used principally for hardware, concrete inserts, hanger straps, etc. It can be used in tension 
to some extent and for transverse loading. In compression malleable iron has no advantage over gray iron and is 
more expensive. 

Malleable cast iron in tension has a value from 40,000 to 50,000 lb. per sq. in. and an elongation of from 7 
to 15 %. 

Specifications for malleable iron of the American Society for Testing Materials should be used when malleable 
castings are desired. 

48 . Design of Castings. — Care should be taken in the design of castings for whatever pur- 
poses intended, and sharp comers and angles should be avoided, using well rounded comers and 
large fillets. This is desirable owing to the fact that in all metals, upon solidifying, the crystals 
grow at right angles to the surface. This causes weakness along a line bisecting the angle 
of the surfaces, along which failures may occur. 

The section of ribs, etc. should be kept as nearly uniform as possible. A large section immediately adjacent 
to a light section is apt to cause difificulty and internal troubles. The engineer should exercise great care and 
judgment in the design of castings for any purpose whatever, since a little judgment shown at such a time will 
avoid failure which might be destructive to both life and property. 
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The defects in castings of all kinds are: (1) blow holes which occur near the surface and are usually indicated 
by surface porosity; ^2) contraction cavities which are usually found below the surface at the intersection of large 
and small sections (usually referred to by the foundry men as shrink holes); and (3) scabs, which are purely surface 
defects, and as a rule cause no trouble except where it is desired to make connection with some other member with- 
out machining- 

WROUGHT IRON 
By James H. Hereon 

49. Wrought Iron Defined. — Wrought iron is defined by the International Association for 
Testing Materials as “MaUeable iron which is aggregated from pasty particles without subse- 
quent fusion and contains so little carbon that it does not harden usefully when cooled rapidly. 

60. Method of Manufacture. — Wrought iron is manufactured by the process of puddling, 
— i.e.y melting in a furnace from pig iron and ore and constantly stirred until practically all the 
carbon and other impurities are burned out. This leaves the iron in a plastic condition, satu- 
rated with slag. The material is gathered into a plastic lump and put in a squeezer” where 
much of the slag is squeezed out. The remaining material is then rolled into billets known as 

Muck Bars.” Subsequent rollings refine the material by further eliminating the slag and it is 
called single and double refined iron, depending upon the number of tunes rolled . 

61. Structure of Wrought Iron. — The structure of wrought iron is commonly called fibrous 
due to the presence of a considerable amount of slag. This slag is found in alternate layers 
with the iron, which gives the appearance of fibers and which is referred to at times as woody. 
The layers of slag serv^e as a protecting covering for the alternate layers of iron, thereby render- 
ing the material somewhat immune to corrosive conditions. The carbon content is usually 
under 0.15%, with the manganese under 0.30%. 

62. Physical Properties. — The physical properties of wrought iron are fairly constant; 
the tensile strength from 50,000 to 60,000 lb. per sq. in., with the elastic limit from one-half 
to three-fifths of the tensile strength. The elongation is high denoting good fatigue-resisting 
properties, but the reduction of area is usually low owing to the high slag content. 

63. Uses of Wrought Iron. — The greatest value of wrought iron is in its ability to resist 
corrosion and is in consequence used for sheets, both plain and corrugated, metal lath, pipe, etc. 
Practically no wrought iron is now used for structural shapes. Probably the most important 
use of wrought iron is in pipe where its resistance to corrosion results in long life and good serv- 
ice. Wrought iron can be identified by the surface appearance of small hairline checks which 
represent the slag. 

Wrought iron should be purchased imder the specifications of the American Society for 
Testing Materials. 

54. Ingot Iron and Copper Bearing Metal. — ^In the same general class with wrought iron 
in its resistance to corrosion, are the so-called ingot iron and copper bearing metal. 

Ingot iron is made in the open hearth furnace, eliminattag as far as possible the impurities 
usually found in steel, thereby obtaining as pure a product as possible. It is then cast in ingots 
and rolled into the form required. Owing to certain properties of this material it is hard to 
handle in forging operation, therefore any forgings required should be carefully made. 

The value of this material h*es largely in its capacity to resist corrosion due to the low percentage of impurities, 
and it is furnished in sheets both black and galvanized. There are no specifications under which this material is 
furnished. It is usually supplied under various trade names. 

Copper bearing steel takes its name from a small percentage of copper, from 0.30 to 0.50 %. This contributes 
to its capacity to resist corrosion, probably by alloying with the iron. The other constituents are as low as is 
practical. This material is used for sheets for sheathing, metal lath, etc. 

STEEL 

By James H. Herron 

66. In General. — CJaomically, steel may be defined as an alloy of iron-carbon and other 
elements being present in varying amounts depending upon the properties desired. Where the 
steel is composed of an alloy of iron and carbon with other elements in small quantities, it is 
customary to refer to such material as carbon steel. Where small quantities of other elements 
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(such as nickel, chromium, vanadium, etc.) are present in addition to the iron and carbon, it is 
customary" to refer to the material as alloy steel. 

Of the elements entering into the composition of steel, some are of value, while others are a 
detriment. The value of the steel is determined largely by these elements. Not only should 
their presence be considered, but the amount of each should be accurately determined. They 
will be taken up in the order in which they are usually regarded. 

Carbon. — The general influence of carbon on steel is greater tenacity. It also renders the steel harder and 
stiffer. The tensile strength is increased about 600 to 800 lb. per sq in. for each additional point of carbon, while 
the ductility is decreased about 0.5 % for each accitional point of carbon (see Fig. 1). Steel with 0.20 % carbon 
begins to show appreciable hardening w’hen cooled quickly, but does not show evidence of brittleness in the normal 
state, until the carbon has reached approjdmately 0.70 %, 

Manganese. — Manganese adds to the toughness of steel and increases the tensile strength by about 100 lb. per 
sq. in. for each additional point. The ductility is decreased “with the addition of manganese. For medium steel 
the manganese is very satisfactory at from 0.40 to 0.60 %. Higher or lower manganese may be specified for special 
purposes. Steel with manganese between 2 and 6 % should be avoided, due to increased hardness and a tendency 
to brittleness, w'hile steel of over 6 % manganese, 
known as manganese steel, has certain definite prop- 
erties of toughness and strength. 

Phosphorus. — Phosphorus renders steel cold short, 
or brittle. It is therefore to be avoided as much as 
possible. The lower the phosphorus content, the 
better. Steel should be specified with phosphorus 
not to exceed 0.04 %. 

Sulphur. — Sulphur has a tendency to render the 
steel hot short, and is therefore to be avoided in any 
steel that is to be forged, or otherwise worked hot. 

The sulphur, for good results, shouldnot exceed 0.06 %. 

It is much better to keep the sulphur below’ 0.04 %. 

Silicon. — Silicon is usually supposed to render 
steel brittle. High silicon should be avoided in steel 
for general purposes and should not exceed 0.20 % 
except in castings or alloy steels. 

Nickel. — Nickel in steel has a strengthening effect or tends to increase the value statically over the range above 
considered and in proportion to the amount present. Where the nickel content is 3.50 % (much of such steel 
is used) and in the annealed condition, its presence tends to increase the elastic limit from 25 to 50 %, depending 
upon the amount of carbon present. 

Chromium. — Chromium in steel tends to make it intensely hard and give it a high elastic limit in the hardened 
or suddenly cooled state so that it is neither deformed permanently nor cracked by extremely violent shocks. It is 
stated that the hardness imparted by chromium in steel is not accompanied by as much brittleness as that induced 
by carbon. 

66. Methods of Mantifacture. — Steel is manufactured by one of several methods of which 
the following are important: 

Bessemer. — ^Bessemer steel takes its form from the inventor of the process by which it is made. The process 
was patented by Sir Henry Bessemer in 1855, and due to the low cost of manufacture, has contributed to the popu- 
larity of steel perhaps more than any other one factor. The converter which is used is a pot shaped vessel receiving 
the iron in the molten form, either direct from the blast furnace or from a cupola. Air is blown through the molten 
mass, thereby oxidizing the silicon, carbon and manganese. The heat of the reaction maintains the metal in a 
fluid condition until conversion is complete. Owing to the inability of this method to materially reduce the phos- 
phorus or sulphur, two harmful elements, and loss due to some oxidation qf the iron itself, it is rapidly being 
replaced by other methods which are more flexible. Bessemer steel may be identified by the high sulphur and phos- 
phorus content. 

Open Hearth — Open hearth steel takes its name from the character of the furnace in which it is manufactured. 
This is a furnace of the regenerative type originally introduced by Sir William Siemens. The metal is mefted on the 
hearth of the furnace, the hot gaseS passing over the surface, the heat being absorbed through the top of the 
bath. By a proper use of slags, phosphorus and sulphur can be reduced to any reasonable extent Other condi- 
tions can be controlled at will. This method is therefore much in favor and the bulk of the steel for structural 
material is now made by this process. 

Electric. — Some steel is now made in the electeic furnace and is known as dectric steel. The steel is melted 
from cold materials and as such is known as cold melt electric; in connection with the open hearth is known as duplex 
electric; or with the Bessemer and open hearth is known as triplex dectric. Electric steel is largely alloy steel and 
has little use in building construction unless a high strength is reqiiired. 

67. Carbon Steel. — Carbon steel is defined by the International Association for Testing 
Materials as “steel which owes its distinctive properties chiefly to the carbon as distinguished 
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from the other elements which it contains/’ It also can be defined as an alloy of iron, and 
carbon var\dng from 0.10 to 2.25%. 

A large part of the steel used for building construction is of this class and may be classified 
as soft, medium, and hard. Soft steel is that with a carbon content of 0.25% or under, medium 
steel is that of a carbon content from 0.25 to 0.50%; and hard steel is that with a carbon con- 
tent exceeding 0.50 Little steel with a carbon content exceeding 0.70% is used in building 
construction since steels in the higher range of carbon are known as brittle and would have 
little use in an untreated condition. Springs and steels for metal and wood working tools fall 
in this class. 

Since the greater part of the steel used for building construction is carbon steel, the char- 
acter of each kind should be carefully considered for different purposes. 

Bessemer steel is used for little except rails, structural steel for buildings and concrete reinforcement bars, and 
much discrimination should be shown in regard to whether it should be used for any of these p\irposes- The high 
phosphorus present renders its use inad-vdsable when there is a condition of dynamic loading, so that in structures 
subject to heai’y live load conditions, it should not be considered. The specifications of the American Society for 
Testing Materials provide for structural steel for buildings^ for both Bessemer and open hearth steel. The engineer 
should therefore be careful in making his selection to meet the need. 

The use of open hearth steel should be encouraged. Its use is constantly increasing and the prediction is 
freely made that in the course of a few’ years it will entirely replace Bessemer steel except for a few specialized uses. 
By far the greater part of the specifications of the American Society for Testing Materials as now written call for 
open hearth steel. 

68. Alloy Steel.—Alloy steel is defined by the International Association for Testing 
Materials as “steel which owes its distinctive properties chiefly to some element or elements 
other than carbon or jointly to such other element and carbon.” 

The simplest class of alloy steel is that having one alloying element in addition to iron 
and carbon. The best known of these steels are nickel steel, chromium steel, manganese steel, 
and silicon steel. 

Nickel steel has the most extensive use of all alloy steels for any purpose whatever. It is the general prediction 
that ■ultimately nickel structural steel will be used in practically all important structures. The strength of nickel 
steel is about 25 % higher than carbon steel for the same elongation and for the same purpose. Some use has 
already been made of nickel steel for structures and should be considered where physical conditions may limit the 
size of tne members. Nickel steel is used in the normal (rolled) condition. The properties are considerably 
improved by heating treatment. 

Chromium steel is used when extreme hardness is required. For such members as bearing plates that must 
resist crushing or wear or similar service, this material can be satisfactorily used. Chromium steel can be machined 
when annealed, but must be treated to be effective in use. 

Manganese steel is a casting alloy possessing great resistance to abrasion and is used when a casting will apply. 
It cannot be finished except by grinding so cannot be used where other machining is necessary. It has found a 
use for switches and frog points, steam shovel bucket points and the lips of grab buckets. Its use is growing and 
the future will see a greatly extended use of this material. 

Silicon structural steel has been used in some recent important structures. This steel is higher in carbon and 
manganese than carbon structural steel; therefore, some of the additional strength would come from these elements. 
The usual specification allows carbon as high as 0,40 % while the silicon is not under 0.20 %. The physical 


properties should be 

Tensile strength, pounds per sq. in. 80,000 95,000 

Yield point, pounds per sq. in 45,000 

Elongation in 8 in. minimum, per cent 1,500,000 


Tensile strength 

The hardness is greater than carbon structural steel; therefore, some diflBLculty may be experienced in shearing 
and punching for fabrication. Complete examination should be made for incipient cracks normal to the line of 
cutting. In important connections such cracks should be machined off or holes reamed out. There is some 
thought that the higher properties of silicon structural steel are primarily due to the higher carbon and manganese 
rather than the higher silicon content. 

The American Society for Testing Materials has a proposed tentative specification for silicon structural steel 
under serial designation A-25T. 

The more highly developed alloy steels of the quarternary group have little application to 
building construction. Among these steels are the chrome-nickel, chrome-vanadium, silico- 
manganese and others carrying tungsten, molybdenum and cobalt. Consideration of these steels 
with their properties as affected by treatment, would be beyond the scope of this work. 

1 See Appendix C. 
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If the reader feels sufl5cientl3" interested in the subject, it would be weU to procure some 
well known book on the subject, and study the same carefully, if to promote nothing more than 
an appreciation of this exceedingly important and far reaching subject. 

69, Steel Castings. — For building construction, practically all steel castings are of carbon 
steel. This is usually of the medium grade (0.25 to 0.50%) along the lower carbon range. 
While steel castings may be used in tension, such use is fraught with some danger and it is safe 
to consider such for compression or transverse loading only — the latter when the probability 
of contraction cavities will occur near the neutral axis or on the compression side. 

The specifications of the American Society for Testing Materials should be used when steel 
castings are to be used. 

The same imperfections that are found in iron castings are common to steel castings but 
in a more pronounced degree. 

60. Rolled Shapes. — Rolled shapes — ^viz., beams, channels, angles, plates and bars — 
comprise the lar^e part of steel used in building construction. This in a great measure is 
carbon steel of the soft and medium grades. The handbooks of the various steel manufac- 
turers give full tables of the properties of the various sections rolled, also table of safe loads for 
different classes of loading. These tables use a factor of four, or a unit stress of 16,000 lb. 
The American Institute of Steel Construction recommends a stress of 18,000 lb. per sq. in. The 
discriminating designer will consider the elastic limit rather than the ultimate strength and 
select an* allowable unit stress that will be sufficient to cover the needs. It is manifestly neces- 
sary to allow a less imit stress where the conditions of loading are djmamic than where static. 
The specifications of the American Society for Testing Materials for structural steel should be 
used (see Appendix C). 

61. Forgings. — When rolled shapes are not available forgings can be made to suit the need 
and should be annealed before used to relieve the strain set up in the hammering operation. 
The specifications of the American Society for Testing Materials for forgings and annealing 
should be used. 

62. Uniform Specifications. — Uniform specifications have been realized in recent years 
through the efforts of the American Society for Testing Materials. The specifications of 
this Society should be used in every case where they apply. Time will be saved in drawing 
up general specifications by using the name, serial designation and latest revision of the par- 
ticular specifications. 

63. Examination of Structural Steel- — In the examination of structural steel, the following 
flaws should be guarded against: 

Pipes in structural steel appear as a small split, crack or fissure in the sheared or sawed end of the section. On 
sheared heavy sections the dragging may tend to hide it, but the practiced eye will detect the lip. In moat sections 
the pipe in itself is not a dangerous defect as it is found in the center of the web, where the stresses are small or 
neutral, but presence of pipe indicates insuflacient discard from the top of the ingot. This means that segregated 
poor material is very apt to be present. 

Scabs need very little description and are easily detected. They are not a dangerous defect but often interfere 
with fabrication and prevent the workmanlike finish desired. Scabs are the result of splashes on the side of the 
mold during the process of pouring. 

Rooks are often mistaken for scabs as they draw out in the process of rolling. They are the result of trans- 
verse cracks formed by too heavy reduction in the early stag^ of rolling. They may be very deep and dangerous 
so should be carefiiUy discarded. 

Laps formed by rolling, an over-fill from the previous pass, are not generally dangerous unless they are unusually 
deep. Seams result from the drawing out of surface blow holes or other minor defects. They are not dangerous 
where the material is not to be forged or heat treated, but they, like laps, are unsightly and prevent workmanlike 
fmish. 

Guide mn.r trfl and roll scratches are often taken for laps or seams. A bending test or pickling will generally 
reveal the true nature of such a defect. 

64. Steel Lumber or Structural Pressed Steel. — Steel lumber is a term applied to pressed 
steel beams and channels designed to take the place of wood joists and studs in building con- 
struction. The word steel lumber is more or less of a trade name since practically the same 
material is made under the general term of structural 'pressed steel. 

Structural pressed steel is formed from rolled sheets into channel sections with the outside 
edge of the flange turned toward the inside and parallel to the web (see Figs. 2 and 2A). The 
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value of this form is to stiffen the outside of the flange on the compression side. The web 
and flanges are uniform in thickness and structure, having been rolled as a sheet. To produce 
a beam, two channel sections are placed back to back and either riveted or spot welded, thus 
having twice the carr^dng capacity of the channel and something over twice the lateral stiffness. 
The transverse strength is less per unit of weight than in a standard beam of the same depth 
since the flanges are thin in proportion to the web. 

The superiority of structural pressed steel is supposed to lie in its ability to lighten the 
construction over the regular standard rolled section and at the same time possesses the fire 
proof features lacking in wood members. 

Structural pressed steel is made in sections up to 12 in. in depth, the thickness of the sheet 
from which they are made being proportional to the size of the member. Special shapes can 
}:>e made at little additional cost. 




Fig. 2. — Cross section of struc- 
tural pressed steel beam compared 
with standaxd structural and wood. 



Fig. 2A , — Method of framing structural pressed steel. 


In using this material in design, the same general rules apply as in the case of standard structural shapes. 
Tables of properties and safe loads are furnished by the manufacturers. Structural pressed steel can be used 
in connection with standard structural shapes, connecting with hangers, angles, or supported on top of them 
and held with a clip. Tnis renders the application in the field a simple matter. The pressed sections may be 
built into the wall, or into a reinforced concrete girders. 

The studding is in channel form and can be applied either on the top of the floor using a channel or angle 
base or track, or on the joists directly, with the joists above carried upon the studs. 

The metal lath used for floor reinforcement, ceiling or side wall construction is clipped to the pressed steel 
members. The prongs for clipping are cut from the flanges of the joists or studs. 

The ease of making the connections in structural pressed steel with little field work commends its use where 
great strength is not required. It probably can be erected at little greater cost than wood, joists and studs. Each 
particular application should be studied to avoid trouble. 

The introduction of structural pressed steel has raised some questions which might be stated briefly as follows: 
(1) The use of a thin floor which shows a tendency to crack where the joists are long span, due to both defection 
of joists and slab; (2) thin plastered covering of wall and ceiling, possibly too thin to protect members from effect 
of heat in case of fire; {3) Thin section of members, offering little resistance to corrosion under damp or corrosive 
conditions. 


METAL LUMBER 

By a. W. Piltz 

66. Types of Metal Lumber. — Metal lumber, as described m this article, may be classified 
as follows: 

1. Steel joists: 

Open-type truss. 

Plate-girder joists. 

I-beam joists. 

Channel joists. 

2. Steel studs. 

3. Steel roof deck. 
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This does not by any means cover the entire field of metal lumber. Metal lath, forms, beams, 
girders, columns, etc., are described in other portions of this book. 

Metal lumber, as described here, consists of light-weight metal sections used to support 
the floors, roof, walls, and partitions of fireproof or fire-resistant buildings. The sections are 
light weight, convenient to handle, and can be obtained from the manufacturer fabricated and 
ready for the job. They are easily and rapidly erected under almost any weather conditions. 

Further information on the different sections described below can be obtained from the 
technical publications of the different manufacturers. 

66. Steel Joists. 


OPEN-TYPE TRUSS 

The Macomber Steel Company, Canton, Ohio, makes the “ Massillon” bar joist in the shape of the Warren truss. 
The main members consist of round bars of structural-grade steel, and, at the ends, vertical and horizontal plates 
are used for bracing, bearing, and gusset plates. All the connections are welded. The joists are made in five 
depths — 8, 10, 12, 14, and 16 in. — and cover a range of spans from 4 ft 0 in. to 31 ft. 0 in. 




Fig. 4. — Massillon nailer joist. 



Fig. 5. — Havemeyer truss. 


The Macomber Steel Company also makes what is known as the ' ‘ Massillon ” nailer joist. It is similar in shape 
to the bar joist with the exception that it has a wooden member fastened to a steel angle for a top chord. It is 
furnished in three, depths — 8, 10, and 12 in. — and covers a range of spans from 4 ft. 0 in. to 26 ft. 0 in. 

The Concrete Steel Company makes what is commonly known as the “Havemeyer” truss. This truss 
is designed as a Pratt truss with upper and lower chords consisting of two steel bars of structural-grade steel. 
The web members are of similar material. The end sections consist of short lengths of rolled-steel T-sections.’ 
All joints are welded. Havemey^ trusses are furnished in five depths — 8, 10, 12, 14, and 16 in. — and cover a range 
of spans from 4 ft. 0 in. to 31 ft. 0 in. 

The Truscon Steel Company, Youngstown, Ohio, makes the “Truscon 0-T” (open -type) steel joists. This 
truss is made in the shape of the Warren truss with wide T-shaped members for chord members. The web me’mbers 
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are round bars- All joints are welded. The bottom chord member is continuous to the bearing where it is welded 
with w'eb plate and top chord member to form a solid I-Beam. Truscon 0-T joists are made in depths of 8, 10, 12, 
■*4, and 16 in. and the span length varies from 8 ft. 0 in., to 32 ft. 0 in. 



Pig. 6, — Truscon O-T steel joist. 



Fig, 7. — Truscon P-G steel joist. 


PLATE-GIRDER JOISTS 

The Truscon Steel Company makes a light-weight plate girder known as the “Truscon P-G” steel joists for 
floor construction. The girder consists of four light-weight structural-steel angles electrically welded to a steel web. 


Pbopertibs of Sections 


Section 

Depth 

Flange 

width 

Weight per 
foot, pounds 

Thickness of metal 

Flange Web 

Moment of 
inertia 

Section 

modulus 

P-G 62M 

6 

2H + 

5.0 

0.125 

0.072 

9.32 

3.11 

P-G 72M 

7 

23,^ -f 

5.3 

0.125 

0.072 

13.24 

3.78 

P-G 82M 

8 

23-'^ -f- 

5.6 

0.125 

0.072 

17.95 

4.49 

P-G 

9 

4- 

. 6.1 

0.125 

0.083 

24.15 

5.37 

P-G 93 

9 

3+ 

1 6.5 

0.125 

0.083 

26.59 

5.91 

P-G 102K 

10 

+ 

6.8 

0.125 

0.095 

31.78 

6,36 

P-G 103 

^ 10 

! 34- 

7.2 

0.125 

0.095 

34.81 

6.96 

P-G 103H 

10 

33^+ 

7.6 

0.125 

0.095 

37.88 

7.58 

P-G 113 

11 

34- 

8.1 

0.125 

0.109 

44.92 

8.17 

P-G 113M 

11 

33^4- 

8.5 

0.125 

0.109 

48,64 

8.84 

P-G 123>^ 

12 


9.3 

0.125 

0.120 

61-08 

10.18 

P-G 144 

14 

4+ 

12.0 

0.125 

0 . 134 

104.52 

14.93 
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I-BEAM JOISTS 

The Truscoa Steel Company makes the “Truscon” steel I-joists in the following sizes: 


Truscox Steel I-Joists 


Section 

index 

f 

Weight per 
lineal foot, 
pounds 

Gage 

flange 

Gage 

web 

f 

1 Area, 

square inches 

! 

Moment of 
inertia 

Section 

modulus 

B33 

3.18 

15 


0.936 

1.389 

0.926 

B43 

3.67 

15 


i 1.080 

2.728 

1.364 

B53 

4.16 

15 


i 1 225 

4 602 

1.841 

B63 

4.89 

15 

15 

1.440 

8.133 

2.711 

B73 

5.40 

15 

14 

1.589 

12.041 

3.440 

B-S4-S 

6.17 

15 

14 

1 816 

18.831 

4 70S 

B84 

6.77 

14 

14 

, 1.992 

21.030 

j 5 258 

B94-S 

6.82 

15 

13 

; 2.007 

1 25.500 

5 666 

B94 

7.42 

14 

13 

2.183 

28 646 

6.366 

B104-S 

7.61 

15 

12 

) 2.242 

1 33.830 

6 766 

BIOS 

8.80 

14 

12 

i 2.584 

41.895 I 

8 379 

B115 

9.57 

14 

11 

i 2.814 

53.524 

i 9 . 732 

B125 

10.55 

14 

10 

! 3.102 

1 

1 

66.922 

1 11.154 



i AG. 8. — Truscon steel I-joist. 


The Berger Manufacturing Company, Canton, Ohio, makes an I-joist of two rolled channels welded back to 
back in the following dimensions: 


Depth 

A 

Flange dimensions 

! 

1 Weight, 1 
j pounds 1 
per lineal 
j foot 

Thick- 
ness of 
metal, 
inches 

1 

Thick- 
ness of 

1 web, 
inches 

! 

Area of i 

section, 

square 

inches 

Axis 1 — 1 

B 

C 

Moment 
of inertia 

Radius of 
gyration 

Section 

modulus 

4 

3 

hz 

1 

3.7 1 

0 072 

0.144 

1.08 

2.60 

1.552 

1.30 

5 

3 

l' 

4 2 ! 

0.072 

0.144 

1 22 

4.38 

1.895 

1.75 

6 

3 

^2 

1 

0.072 

0.144 

1.37 

6.90 

2.244 

2.30 

7 

3K 


5.5 

0.072 

0.144 

1.62 

11.20 

2.629 

3.20 

8 

4 

H 

6.1 

0.072 

0.144 

1.80 

16.80 1 

3.055 

4.20 

9 

4 

H 

7 0 

0.075 

0.150 

2.06 

23.85- 

3.403 

5.30 ^ 

10 

4M 

H 

8.0 

0.078 

0.156 1 

2.38 

33.25 

3.738 

6.65 1 

11 



9.5 

0.086 

0. 172 

2.80 

46.20 

4.062 

8 40 1 

12 

m 


10.5 

0.090 

0.180 

3.10 

60.00 

4.399 

10.00 j 
1 
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The Jones and Laughlin Steel Corporation, Pittsburgh, Pa., makes the “ J & L Junior*’ beam, a light-weight 
steel beam for use as floor beams, rafters, purlins, and studding in the following dimensions: 


Depth, 

inches 

Weight, 
pounds 
per foot 

Flange 

Width, 

inches 

Web 

thick- 

ness, 

inches 

Area, 

square 

inches 

Radius of gyration 

Moment of inertia 

Section modulus 

Hori- 

zontal 

axis 

Verti- 

cal 

axis 

Hori- 

zontal 

axis 

Verti- 

cal 

axis 

Hori- 

zontal 

axis 

Verti- 

cal 

axis 

i 

12 1 

11.74 

3.06 

0.175 

3.45 

4.573 

0.532 

72 21 

0.978 

12.01 

0.638 

11 1 

10.23 

2.84 1 

0.165 

3.01 

4.200 

0.498 

53.08 

0.746 

9.63 

0.525 

10 

8.96 

2.69 1 

0.155 

2.64 

3.847 

0.480 

39.01 

0.608 

7.78 

0.452 

9 

7.48 1 

2.38 

0.145 

2.20 

3.450 

0.423 

26.20 

0.394 

5.81 1 

0.332 

8 

6.54 

2.28 

0.135 

1.92 

3.116 

0.423 

18.67 

0.343 

4.65 

0.301 

7 

5.48 

2.08 

0.126 

1.61 

2.744 

0.393 

12.13 

0.248 

3.45 

0.239 

6 

4.41 

1,84 

0.114 

1.30 

2.372 

0.357 

7.30 

0.165 

2.42 

0.179 


CHANNEL JOISTS 

The properties of steel channels made by the Berger Manufacturing Company are as follows: 


Depth 

A 

Flange dimensions 

Weight, 
pounds 
per lineal 
foot 

Thickness 
of metal 
in inches 

Area of 
section, 
square 
inches 

Axis 1 — 1 

B 

C 

Moment 
of inertia 

Radius of 
g 3 T:ation 

Section 

modulus 

4 

IH 

H 

1,85 

0.072 

0.54 

1.30 

1.552 

0.65 

5 


M 

2.10 

0.072 

0.61 

2.19 

1.895 


6 

IH 

H 

2.35 

0.072 

0.69 

3.45 

2.244 

1.15 

7 

m 


2.75 

0.072 

0.81 

5.60 

2.629 

1.60 

8 

2 


3.05 

0.072 

0.90 

8.40 

3.055 


9 

2 

H 

3.50 

0.075 

1.03 

11.93 


2,65 

10 

2H 

H 

4.00 

0.078 

1.19 

16.63 

3.738 

3.33 

11 

2H 

% 

4.75 

0.086 

1.40 

23.10 

4.062 


12 



5.25 

; 0.090 

1.55 


4.399 

B 



Fig. 10. — ^Berger channel joist. 
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The Truscon Steel Company makes steel channel joists and cap and sill plates in the following sizes: 


Truscon Steel Channels 

All C and P channels 15 gage; P channels fit over corresponding C channels 


Section index 

Weight per lineal foot, 
pounds 

Depth, 

inches 

Width of flange, 
inches 

C-31i^i 

1 59 

3 

l/'2 

C-41t> 

1.84 

4 

lJ-2 


00 

o 

5 

Ihz 

Cap and Sill Plates 

P-siH 

1.59 

3 

I'U 


1.84 

4 

1^4 

P-5H4 

2.08 

5 

IH 



Fig. 11. — Above, Truscon channels; Below, Cap and sill plates. 


67. steel Studs. — The plate girder, I-beam, and channel sections described above may be 
used for studs in partitions and light walls (see Fig. 19). Besides these, there are a number of 
special sections designed for studs. 
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The Berger Manufacturing Company makes channel studs, U-studs, and angle studs for non-supporting 
partitions in the following sizes: 


P=’ ml L A 4 

Channel Stnd “B” 

Fig. 12. — Berger channel studs and socket strips. 



Lengths over 12 ft. 0 in. long require splices. 



Fig. 13. — Berger XJ-studs. 
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Sise, inches 

Gage 

Weight per foot 

Black 

Galvanized 

IK X IK 

20 

0.31 

0.34 

IK X IK 

1 20 

0.38 

0.41 

IK X IK 

1 18 ; 

0.42 

0.45 

IK X IK 

1 18 ; 

i 

0.50 

0.54 


Use same track as for U^5tuds. 
Lengths over 12 ft. require splices. 


The Berger Company also makes a heavier I-section and a channei section for supporting partitions. 




Weight per foot, 

Flange width, 

Thickness metal, 

Thickness web, 

Net area of sec- 

D^thr inches 

pounds 

inches 

inches 

inches 

tion, square 






inches 

4 

3.60 

3.00 

0.072 

0.144 

0.972 

4 

6.00 

3.00 

0.120 

0.240 

1.620 

5 

4.10 

3.00 

0.072 

0.144 

1.116 

5 

6.80 

3.00 

0.120 

0.240 

1.860 

6 

4.60 

3.00 

0.072 

0.144 

1.260 

6 

7.60 

3.00 

0.120 

0.240 

2.100 

7 

5.30 

3.50 

0.072 

0.144 

1.476 

7 

8.80 

3.50 

0.120 

0.240 

2.460 

S 

6.00 

4.00 

0.072 

0.144 

1.692 

8 

10.00 

4.00 

0.120 

0.240 

2,820 
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Fig. 16. — Berger channel stud. 


Depth, inches 

Weight per foot, 
pounds 

Flange 

width, 

inches 

Thickness of metal, 
inches 

Net area of section, l 
square inches 

4 

1.80 

IK 

0.072 

0.486 

4 

3.00 

IK 

0.120 

0.810 

5 

2.05 

IK 

0.072 

0.558 

5 

3 40 

IK 

0.120 

0.930 

6 

2.30 

IK 

0.072 

0.630 

6 

3.80 

IK 

0.120 

1 050 

7 

2.65 

IM 

0.072 

0.738 

7 

4.40 

m 

0.120 

1.230 

8 

3.00 

2 

1 

0.072 

0.S46 

3 

o.OO 

2 

0.120 

1.410 


The “Milcor” cold-rolled steel channels, made by the Milwaukee Corrugating Company, Milwaukee, Wis., 
are used for solid and hollow-stud partitions and for suspended ceilings (see p. 965). Milcor channels are 
furnished in the following dimensions: 


Weight per 1000 Lin. Ft 

in 276 lb. 

1 in 332 lb. 

in 466 lb. 

2 in 552 lb. 

Cubro channels - . . . 270 lb. 


Depth of legs on 1, and 2-in. channels, in ; on Cubro channels, m 

^:i-in. and Cubro channels are furnished in stock lengths of 12, 14, 16, 18. and 20 ft., packed 20 channels to a 
bundle. T, 1>2» and 2-in. channels are furnished in stock lengths of 16, 18 and 20 ft., packed 10 channels to a 
bundle. 


68. Steel Roof Deck. — The steel plate makes a fairly strong, light-weight roof and is 
fireproof. They can be used on practically any type of roof, being best suited for flat, pitched, 
and curved roofs. The sections are convenient for handling and can be quickly placed. All 
joints should be made directly over the roof purlins. The plates are fastened to purlins by 
means of special clips. 


The R. C- Mahon Company, Detroit, Mich., makes a copper bearing steel deck plate of either 18 or 20 gage steel. 
A galvanized-steel plate is also furnished on special orders. All plates lay 12 in. wide when installed, ribs 1^^ in. 
deep, and 6 in. on centers. The ribs supply structural strength to the plates. Fig. 20 shows the Mahon Standard 
roof deck plate and the construction details. The table on p. 966 gives the plate lengths for different purlin 
spaciugs. 
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Table of Standard Deck Plates Recommended for Various Purlin Spacing 

Purlin spacing 

to 4 ft. 0 in. 

4 ft. 0 in. to 5 ft. 0 in. 

5 ft. 0 in. to 6 ft. 0 in. 

6 ft. 0 in. to 7 ft. 0 in. 

7 ft. 0 in. to 8 ft. 0 in. 



Plate lengths 

8 ft. 4 in. or 12 ft. 4 in. 

5 ft. 2 in. or 10 ft. 4 in. 

6 ft. 2 in. or 12 ft. 4 in. 

7 ft. 2 in. 

8 ft. 4 in. 



Fig. 20. — Mahon standard roof deck plate and details of construction. 


The Tniscon Steel Company furnishes the “ Truscon ” I-plate sfor steel deck roofs in either 18- or 20-gage copper 
bearing steel. The plates are 2 ft. 0 in. wide and are furnished in standard lengths of 8 and 10 ft. Special lengths 
are furnished on request with 10 ft. as a maximum. The I-sections are 1 in. deep, have a bottom flange ^ in. 
wide, and are spaced 6 in. on centers. The I-sections supply structiiral strength to the plates. Fig. 21 shows the 
Truscon I-plates in place. The following table gives the allowable spans (purlin to purlin) for different live loads: 


The Dead Load Is Provided for in Tms Tabulation 


Live loads, pounds square foot 

Spans, purlin to purlin 

18 gage 

20 gage 

45 

6 ft. 9 in. 

5 ft. 8 in. 

40 

7 ft. 0 in. 

6 ft. 0 in. 

35 

7 ft. 6 in. 

6 ft. 4 in. 

30 

8 ft. 0 in. 

6 ft. 10 in. 

25 

8 ft. 8 in. 

7 ft. 6 in. " 

20 

9 ft. 6 in. 

8 ft. 2 in. 
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Fig. 21. — Tniscon I-plates in place. 


METAL LATH 
By H.‘ E. Pulver 

The general function of metal lath is to form a support, background, or base, to which 
plaster or stucco may be applied. It is also by itself put to other uses, such as making lockers, 
register faces, etc. In its larger sizes and weights, it is used for reinforcement in concrete (see 
chapter on Concrete Reinforcement). 

All metal lath is furnished painted, asphaltum dipped, or galvanized, the earlier practice 
of furnishing the material xmtreated having been discontinued by the manufacturers. Gal- 
vanized metal lath is either manufactured from galvanized sheets or galvanized after manu- 
facture. In this article only a few of the many kinds of metal lath on the market will be 
described. 

69. Kinds of Metal Lath. — Metal lath may be classified as follows: 

1. Expanded metal lath: 

Diamond and rectangular mesh. 

Ribbed lath. 

Corrugated lath. 

2. Integral lath, reinforced or stiffened, combining the functions of lath and studding 

Expanded. 

Sheet, not expanded. 

3. Sheet lath : 

Flat perforated. 

4. Wire lath, woven or welded: 

Plain. 

Ribbed. 

69a. Expanded Metal Lath. 



Pig. 22. — ^Expanded metal lath 
diamond mesh. 


Fig. 23. — Expanded metal lath, 
rectangular mesh. 
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DIAMOND AND RECTANGULAR MESA 


The Berger Manufacturing Company, Canton, Ohio, furnishes diamond-mesh lath as follows: 


Weight per square yard, 
pounds 

Size of sheets, inches 

Square yards per 
sheet 

Sheets per bundle 

Square yards per 
bundle 

i 2.2 i 

24 X 96 ! 

1.78 

9 

16 

2.5 i 

24 X 96 

1.78 

9 

16 

3.0 ! 

24 X 96 

1.78 

9 

16 

3 4 1 

I ! 

24 X 96 

1.78 

9 

16 


The above weights apply to painted steel, painted copper hearing, and painted Toncan metal lath. Diamond mesh 
lath can also be furnished cut from gah'anized sheets in 2.5- and 3.4-lb. "weights. 

The Bostwick Steel Lath Company, Niles, Ohio, makes the “Niles** flat expanded metal lath according to the 
U. S. Department of Commerce, Simplified Practice Recommendation No. 3. 


Bostwick Niles Lath 


Sizes, inches 

Sheets per bundle 

Yards per bundle 

Weight per square 
yard, pounds 

Width 

Length 

24 

96 

9 

16 

3.40 

24 

96 

9 

16 

3.00 

24 

96 

9 

16 

2.50 

24 

96 

9 

i 

16 

2.20 


The Sykes Metal Lath Co., Niles, Ohio, makes an “Economy** diamond metal lath in sheets 27 X96 in. and 
in the following weights: 2.2, 2.5, 3.0, and 3.4 lb. per sq. yd., painted, and 2.5 and 3.4 lb. per sq. yd., galvanized. 
This company also makes a “Coppersyke” diamond metal lath (high copper content, Bessemer steel) in the 2.5 
and 3.4 lb. per sq. yd. weights. 


The General Fireproofing Company, Youngstown, Ohio, makes “Key expanded met al lath” as follow's: 

Key Expanded Metal Lath 

Weights per Square Yard, Measurements, and Domestic Packings 


Domestic packing 

Weights per square yard, pounds 



Number of square yards 




Size of sheets. 

Sheets per 






inches 

bundle 



Painted 

Galvanized 

Armco 



Per sheet 

Per bundle 

2.2 


2.2 

24 X 96 

9 


16 

2.5 

2.5 

2 5 

24 X 96 

9 

m 

16 

3.0 


3.0 

24 X 96 

9 

VA 

16 

3.4 

3.4 

3 4 

24 X 96 

9 


16 


The Northwestern Expanded Metal Company, Chicago, 111., manufactures the following brands of flat 
expanded metal lath: 

“Kno-burn” metal lath, a painted ^^-in. diamond meshed steel bar. 

“XX Century” copper bearing metal lath of same sizes and weights as Kno-hurn. 

“Galvanized” metal lath of same sizes and weights as Kno-burn. 

“Pure iron” metal lath painted red and of the same sizes and weights as Kno-burn. 

All brands conform to the standard weights and sizes. 
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Stock Size and Weights poh Kxo-bttrk axd XX Centuet Lath 


Weight per square yard, pounds 

Size of sheets 

Sheets per bundle 

3 4-^'t 

24 X 96 

[ 9(16 yards) 

3.0* 

24 X 96 * ' 

9(16 yards) 

2.5*t 

* 24 X 96 

906 yards) 

2 2 

24 X 96 

9(16 yards) 


* Pure Iron lath furnished in these weights, 
t Gah’anized lath furnished in these weights. 


The Youngstown Pressed Steel Company of Warren, Ohio, manufacture the “ Mahoning” brand of metal lath 


Mahoxixg Metal Lath 


Weight per square yard, pounds 






■ 

Sheets per 

Yards per 

Size sheets. 




bundle 

bundle 

inches 

Steel 

Copper alloy 

Gah'anized 




2.2 

2 2 


[ 

9 

16 

24 X 96 

2 5 

2.5 

2 5 

9 

16 

24 X 96 

3.0 

3 0 


9 

16 

24 X 96 

3.4 

3 4 

3 4 

9 

1 

16 

24 X 96 


The Milwaukee Corrugating Company, Milw-aukee, Wis., manufactures the follow'lng brand of “Netmesfa” 
diamond expanded lath: 


Netmesh Diamond Expanded Lath Mesh 


Type 

W eight 
per square 
' yard, 
pounds 

Size 

of 

sheets, 

inches 

Number 
of sheets 
in 

bundle 

Square 

yards 

in 

bundle 

W eight 
per 

bundle, 

pounds 

Cut from black steel sheets painted black. All of 






our painted metal lath is heat treated and 

2.20 

24 X 96 

9 

16 

35 

re-annealed after being cut and expanded, giving 

2.50 

24 X 96 

9 

16 

40 

the metal longer life and greater strength. Our 

3.00 

24 X 96 

9 

16 

48 

Milcor special elastic paint adds further pro- 

3.40 

24 X 96 

9 

16 

54 

tection. , 






Cut from coppered metal painted red 

2.20 

24 X 96 

9 

16 

35 


2,50 

24 X 96 

9 

16 

40 


3.00 

24 X 96 

9 

16 

48 


3.40 

24 X 96 

9 

i 

54 

Cut from galvanized open-hearth steel sheets 

2.50 

24 X 96 

9 

16 

1 

40 


3.40 

24 X 96 

9* 

16 

54 

Cut from pure zinc 

3 03 

24 X 96 

9 

16 

48 

Cut from cold-rolled copper 

3.31 

24 X 96 

9 

16 

53 


Also furnished in “ Armco” ingot iron, 2.50 and 3.40 lb. only, painted red or cut from galvanized armco ingot 

iron. 

The Truscon Steel Company, Youngstown, Ohio, makes a “Truscon” diamond lath in open-hearth or copper- 
bearing steel, painted, or galvanized before expansion. 
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Trtjscon Diamond Lath 

2 yd. per sheet; size of sheet, 27 X 96 in. 


Gage number 

Sheets per bundle 

* 

Yards per bundle 

Weight per square 
yard, painted, 
pounds 

Weight per square 
yard, galvanized, 
pounds 

27 

1 

1 10 

20 

2 33 

2.50 

26 

10 

i 20 

2.55 


25 

10 

20 

3.00 


24 

1 

I 1 

: 20 

3 40 1 

! 

3.60 


RIBBED LATH 

The General Fireproofing Company, Youngstown, Ohio, is the manufacturer of “Herringbone'’ metal lath 
“Herringbone” double-mesh metal lath, and “GF” diamond rib metal lath. 

Herringbone metal lath is made of Armco ingot iron in 20>^ X 96-in. sheets and packed 15 sheets (22^ yd.) 
to the bundle. The weights per square yard are 2.2, 2.5, 3.0, and 3.4 lb. 

Herringbone double-mesh metal lath is made of Armco ingot iron in 3.0 lb. per sq. yd. weight, 15 in. X 96 in. 
sheets, and packed 18 sheets to the bimdle. It is also made in 3.4 lb. per sq. yd. weight, 24 in. X 96 in. sheets, and 
9 sheets to the bundle. 

GF diamond rib metal lath is made in 24 X 96 in. sheets with ribs spaced 4.8 in. on centers. It is packed 9 
sheets (16 yd.) per bimdle. The weights per square yard in painted-steel lath are 2.5, 3.0, 3.5, and 4.0 lb. The 
.\rmco ingot iron lath is made in 3.5 and 4.0 lb. per sq. yd. -weights. 


Fig. 24. — Herringbone expanded metal lath, two types. 

The Northwestern Expanded Metal Company, Chicago, 111., makes two styles of ribbed lath. The "Plasta- 
Saver” metal lath is a M-in. flat rib of painted-steel base or copper-bearing sheet of 3.4 lb. per sq. yd., 24 X 96 in. 
sheets, and 9 sheets per bundle. The J^-in. “Longspan” rib lath is of painted-steel base wdth a 4-in. rib spacing. 
Sheets are 24 X 96 in. in size and are packed 9 to the bundle. This lath is made in weights of 3.0, 3.5, and 4.0 
lb. per sq. yd. Pure iron sheet may be had in the 4.0 lb. weight. 

The Bostwiek Steel Lath Company, Niles, Ohio, makes a ^s-in. rib expanded metal lath with ribs spaced every 
4 in. This lath is furnished in 24 X 96-in. sheets and in weights of 2.5, 3.0, 3 5, and 4.0 lb. per sq. yd. 

The Berger Manufacturing Company, Canton, Ohio, makes a Berloy ^^-in. “Ribplex” lath, as described in the 
following table: 


Sections 

across ^g-in. Ribplex -Sheet. Ribs are ^s-in. high spaced 8 in. on centers 

Weight per square 
yard, pounds 

Size of sheets, 
inches 

Square yards per 
sheet 

Sheets per bundle 

Square yards per 
bundle 

3.0 

24 X 102 

1.89 

9 

17 

3.5 

24 X 102 

1.89 

9 

17 

4.0 

• 24 X 102 

1 89 

9 

17 


The above weights apply to painted steel and to painted Toucan metal ^^-in. Ribplex. Toucan mfdal f^^-in. 
I.flbplex, however, is made in only the 3.5 and 4.0 lb. weights. 







Sec, 7-^9a] 


BUILDING MATERIALS 


971 


The Milwaukee Corrugating Company, Milwaukee, Wis., manufactures the “Milcor Stay-rib^’ metal lath in 
three grades. The grade is described in the article on Concrete Reinforcement. The Milcor lath in the 

following tables is made in 24 X 96 in. sheets, with 9 sheets (16 sq. yd.) to the bundle: 


Milcor Stay-rib Metal Lath Xo. 1 


Type 

I 

j Weight per square 

Weight per bundle, 

j yard, pounds 

! 

pounds 

Cut from open-hearth steel sheet.s, painted 

^ 2 75 

44 


3.20 

51 


i 3 50 

56 


1 4 00 

64 

Also, furnished cut from coppered metal. All our painted lath 

is heat treated and re-annealed after being cut 

and expanded, which gives the metal longer life and greater strength. 


Cut from galvanized open-hearth steel sheets. . . . 

.1 3.60 

i 

1 

57 


Furnished in Armco ingot iron, both painted and galvanized. 


Milcor % inch Stay-reb Metal Lath No. 2 


! 

Type ; 

1 

1 

■Weight per square 
yard, pounds 

Weight per bundle, 
pounds 

Cut from open-hearth steel sheets, painted 

2.75 

44 


3.00 

4G 


3.50 

56 


4.00 

64 

Also, furnished cut from coppered metal. All our painted lath is heat treated and re-annealed after being cut 

and expanded, to give the metal longer life and greater strength. 



Cut from galvanized open-hearth steel sheets 

3.60 

57 

■ 


Furnished in Armco ingot iron, in 3.50 and 4.00 lb. painted. Also, 4.00 lb. galvanized. 
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Fig. 25 .—Milcor stay-rib metal lath No. 1. 

The Youn^town Pressed Steel Company, Warren, Ohio, makes two kinds of rib lath. All sheets are 24 X 96 
in. in size and packed 9 to the bundle. 

The “/dcof*' rib lath of painted steel with rib intervals of 4 in. is made in the 2.5, 3.0, 3.5, and 4,0 lb. per sq. 
yd. weights. This lath is also furnished in copper alloy in the 3.0 and 3.5 lb. weights. 
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The “ YPS Z-Rilt’’ Lath has ribs H in. wide and Ihi in. in centers. This lath is furnished in the 3.0 and 3.4 lb. 
per sq. yd. weights. 


The Tniscon Steel Company, Youngstown, Ohio, makes the “Standard” rib lath in 27 X 96 in. sheets in weights 
of 2.64, 3.17, and 4.23 lb. per sq. yd. 

This company makes the “ .4 Hy-rib'^ Lath in 18 X 96-in. sheets in the 3.2 lb. per sq. yd. weights. 

Truscon Ji-in. “ Hv-rih" Lath is made in 24 in. X 6. 8, 10, or 12 ft. sheets._ with ribs spaced 4 m. on centers, 
and in the 3.0, 3.3, and 4.0 lb. per sq. yd. weights. Truscon lath is furnished in painted open-hearth or copper- 

bearing steel. 




Fig. 27. — Type A rib lath. 


CORRUGATED LATH 

The Youngstown Pressed Steel Company, Warren, Ohio, makes a “Zee” self-furring or corrugated lat> which 
has the same mesh and properties as the Mahoning diamond lath. 

The Berger Manufacturing Company, Canton, Ohio, makes a corrugated diamond inch lath which is the same 
as their diamond inch lath with corrugations added. 

The Bostwick Steel Lath Company, Niles, Ohio, makes a self-furring or Bostwick “Lock’" corrugated lath 
which has the same weights and sizes as their Niles expanded lath. 

The Truscon Steel Company, Youngstown, Ohio, makes a self-furring diamond lath which is their Truscon 
diamond lath with domelike projections formed in the lath 1^^ in. in diameter and in. high that act as furring. 

The Sykes Metal Lath Co., Niles, Ohio, makes an expanded cup metal lath in the following weights: 2.5 and 
3.4 lb. per sq. yd. painted and 3.0 and 3.4 lb. per sq. yd. galvanized. Sheets are 18 X 96 in. in size. 

The Northwestern Expanded Metal Company, Chicago, 111., makes a corrugated or self-furring metal lath 
having the same sizes and weights as their Kno-burn lath. 

The Milwaukee Corrugating Company, Milwaukee, Wis., makes a corrugated Netmesh lath which is similar 
to their Netmesh diamond expanded metal lath. This corrugated lath is cut from black steel sheets re-annealed 
and painted black after expanded in the 2.20, 2.50, and 3.40 lb. weights, from galvanized open-hearth steel sheets 
in the 2.50 and 3.40 lb. weights, from coppered metal in the 2.20, 2.50, and 3.40 lb. weights, and from Armco ingot 
iron in the 2.50 and 3.40 lb. weights only. 

696. Integral Lath. — Reinforced or stiffened, combining the functions of lath 
and studding, is a ribbed expanded metal reinforcement used for the construction of concrete 
roofs, walls, partitions, ceilings, etc. For roofs and floors it acts as both form and reinforce- 



Fig. 2S. — Truss metal lath. Fig. 29. — “Trussit.” 


ment. For walls and partitions it combines the functions of lath and studding. For ceilings it 
is a one-piece lath and furring. 

Sheet is not expanded- It is a fabric having the same functions as one stiffened, in which 
the openings between the ribs are made by punching or perforating the sheet rather than 
Bxpanding it laterally. 
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The American Rolling Mill Company, Middletown, Ohio, makes truss metal lath (Fig. 28). Stock size sheets 
28 X 96 in. equal to 17^2 sq. ft. Packed in crates containing 350 sq. ft. Special size sheets are furnished when 
desired. No. 26 gage weighs SO lb. per 100 sq. ft. and No. 28 gage weighs 66.7 lb. per 100 sq, ft. Furnished in 
Armco iron or steel. 

The General Fireproofing Company, Youngstown, Ohio, makes Self-Sentering (see Art. 134, and Fig. 44, p. 
1017). 

This company also makes a fabric known as “ Trussit” m sheets (Fig, 29), the standard size of which is 19 in. 
viide. It is carried in stock lengths of 8, 10, and 12 ft —packed 10 sheets to a bundle. 

Gage number ' Weight painted per eq. ft., poundJ""®''* 

! Dounda 


27 

26 

24 


The Truscon Steel Company, Youngstowm, Ohio, is the manufacturer of “ Hy-ribf' of which there are two types. 

The Boatwick Steel Lath Company, Niles, Ohio, makes a “Truss V-rib” reinforced metal lath furr open- 
hearth sheet. The ribs are ^4 in. high at 7-in. intervals. Size of sheets is 21 in. wide by 4, 5, 6, 7, 8, 9, and 10 ft. 
long. The lath is made in No. 24-, 26-, or 28-gage metal. 

69c. Sheet Lath. — The Berger Manufacturing (Company, Canton, Ohio, makes 
a “Berloy’^ sheet lath which is a perforated sheet-metal lath not expanded. Sheets are 18 
X 96 in. in size, and the weight of each is 4.50 lb. per sq. yd. 

The Bostw’ick Steel Lath Company, Niles, Ohio, makes a 
“truss-loop” metal Lath having 652 truss loops per square yard. 

This lath is made in the 4.5 lb. per sq. yd. weight, painted, and 5.5 
lb. per sq. yd. weight galvanized. 

The Sykes Metal Lath Co., Niles, Ohio, makes a trough sheet- 
metal lath in the following weights: painted 4,5 lb. per sq. yd , and 
galvanized 5.5 lb. per sq. yd. Sizes of sheets are 13.5 X 96 in. and 
24 X 96 in. 

69d. Wire Lath. — Woven wire lath is manu- 
factured by several companies and is supplied painted or 
galvanized after weaving. Some of the companies manu- 
facturing this type of lath are the New Jersey Wire Cloth CJompany, Trenton, N. J., and the 
Wickwire Spencer Steel Company, New York City. The wire lath may or may not have ribs, 
which are either rods or V-shaped metal strips running through the wire mesh to keep the 
fabric away from the face of the timbers so that mortar will pass behind the fabric and also 
to stiffen and reinforce it. The gages used are Nos. 18, 19, and 20, either with or with- 
out ribs. The weights per square yard are practically the same as those recommended by 
the. Associated Metal Lath Manufacturers. 

Welded wire lath (usually electrically welded) is now being manufactured by several 
companies, such as The National Steel Fabric Company, Pittsburgh, Pa., American Steel and 
Wire Company, Chicago, 111., Truscon Steel Company, Yoimgstown, Ohio, and the Wickwire 
Spencer Steel Corporation, Buffalo, N. Y. One product, ^'Steeltex,” manufactured by the 
National Steel Fabric Company, consists of a comparatively light, electrically welded fabric 
integrally combined with a tough waterproof backing. 

70. General Uses. — Metal lath is used for lathing ceilings, walls, and partitions of wood- 
joisted and studded buildings; for suspended ceilings, solid partitions, hollow partitions, and 
ornamental plastering in the fire-resistive type of buildings; and as a base for exterior stucco on 
houses, bams, garages, and other types of frame buildings. Integral lath may be used as a form 
and reinforcement for light floor and jroof slabs, as may also other special types of lath made by 
different manufacturers. Metal lath has developed from a specialty in fireproof constmction 
to a stapler base for plastering in every type of budding. Fabrics expanded from heavier 
sheets of metal are largely used for reinforcing floors, walls, roads, pavements, etc. 

When used against masonry walls, metal lath is applied either to wood furring strips, or 
to furring consisting of pencil rods or J^-in. crimped furring, so as to insure a “key’^ 



0.57 

0.62 

0.83 
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for the plaster and provide the requisite air space. When the integral type is used, furring is 
not required, as the ribs act as furring. 

When expanded metal lath is u^ed for solid partitions, suitable small structural steel mem- 
bers, usually or 1-in. channels are used as studs. The integral type of lath with ribs in. 
or more deep may be used without studs. 

When metal lath is used on suspended ceilings and for ornamental plastering work, a sup- 
porting structural frame of flats, angles, and channels should be specifically called for. WTiere 
integral lath is used, the auxiliary channels for support may be omitted as the ribs support and 
stiffen the lath so that it may be attached directly to the flats or angles. 

Metal lath and metal-lath construction should preferably conform, in general, with the 
U. S. Department of Commerce Simplified Practice Recommendations and the Specifications 
for Metal Lath Construction approved by the Associated Metal Lath Manufacturers and the 
American Specification Institute. 

The following extracts from the above specifications will give an idea of the weights of metal 
lath used for different kinds of construction : 

WEIGHTS OF METAL LATH 

1. Wood-stud and Joist Construction 

(a) For Partitions.-^Ezp&nded metal lath, for studs with a maximum spacing of 16 in. on centers, shall weigh 
not less than 2.5 lb. per sq. yd. 

Note.— Expanded metal lath weighing 2.2 lb. per sq. yd. is regularly manufactured and available for use m 
partitions where Underwriter’s Standards are not exacted; it is also suitable for corner reinforcements (cornerite). 

Three-eighths-inch rib lath, for studs with a maximum spacing of 19H and 24 in. on centers, shall weigh not 
less than 2.5 and 3 lb. per sq. yd. respectively. 

Flat rib lath, for studs with a maximum spacing of 19H in. on centers, shall weigh not less than 3 lb. per sq. yd. 

(i>) For CeUinga . — Expanded metal lath, for joists with a maximum spacing of 16 in. on centers, shall weigh 
not less than 3 lb. per sq. yd. 

Three-eighths-inch rib lath, for joists with a maximum spacing of 19K and 24 in. on centers, shall weigh not less 
than 3 and 3.5 Ib. per sq. yd. respectively. ♦ 

Flat rib lath, for joists with a maximum spacing of 19^2 in. on centers, shall weigh not less than 3 lb. per sq. yd. 

2. Back -plastered Metal-lath Stucco Construction 

Expanded metal, self-furring, or ^^-in. rib lath, for studs not greater than 16 in. on centers, shall weigh not less 
than 3.4 lb. per sq. yd. 

3. Stucco on Metal Lath or Expanded Metal Reinforcing over Sheathing 

(Same as Specification 2, or use expanded metal reinforcing weighing not less than 0.2 lb. per sq. ft. with a 
minimum opening of in.) 

4. Overcoating Stucco on Metal Lath 

(Same as Specification 3, stucco over sheathing.) 

5. Metal Stud Partitions (Solid or Hollow) 

(а) Expanded metal lath, for studs with a maximum spacing of 12 in. on center, shall weigh not less than 2.2 
lb. per sq. yd., and for studs with a maximum spacing of 16 in, on center shall weigh not less than 2.5 lb. per sq yd. 

(б) Three-eighths-inch rib lath, for studs with a maximum spacing of 19K» 24, 30, and 36 in. on centers, shall 
weigh not less than 2.5, 3, 3.5, and 4 lb. per sq. yd. 

(c) Flat rib lath, for studs with a maximum spacing of 193>^ in. on center, shall weigh not less than 3 lb. per 
sq. yd- 

6. Metal Stud Partitions (in Buildings with Wood Floors or Wood Ceiling Joists) 

In buildings with wood floors or with wood-floor joists, solid or hollow channel stud partitions shall be con- 
structed in precisely the same manner as in buildings with incombustible floors or ceilings (see specification 5), 
except that when floor and ceiling runners are used they shall be spiked directly to the wood floor or the ceiling 
joists, provided, also, that certain alternate methods of securing the channels to the wood floors shall be permissible. 

7. Wall Furring 

(a) Expanded metal lath, for vertical furring channels with a maximum spacing of 12 and 16 in. on centers, 
shall weigh not less than 2.2 and 2.5 lb. per sq. yd. respectively. 

(&) Three-eighths-inch rib lath, for vertical furring channels with a maximum spacing of 19J^, 24, 30 and 36 
in. on centers, shall weigh not less than 2.5, 3, 3.5, and 4 lb. per sq. yd. respectively. 

(c) Flat rib lath for vertical furring channels with a maximum ^pacing of 19K in. on centers shall weigh not 
less than 3 lb. per sq. yd. 
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8. Standing Furring 

Standing furring shall have same spacing of studs and same weight of lath as used for solid metal stud parti- 
tions (Specification 5). 

9. Attached Ceilings Clipped to Steel Floor Beams or in Contact with Concrete or Terra Cotta Floors 

Expanded metal lath, for furring channels with a maximum spacing of 12 and 16 in. on centers, shall weigh not 
less than 3 and 3.4 lb. per sq. yd. respectively. Three-eighths-inch rib lath, for furring channels with a maximum 
spacing of 19^*^, 24, and 30 in. on centers, shall w’eigh not less than 3, 3.5, and 4 Ib. per sq. yd. respectively. Flat 
rib lath for furring channels with a maximum spacing of 191-2 in. centers shall weigh not less than 3 lb. per sq. yd 

10. Attached Ceilings imder Concrete Joists and Floors Constructed with Removable Metal Tiles, Domes, or Pans 

Note. — Construction outlined in Specification 9 preceding can be adapted for attached ceilings under concrete 
joists and floors. 

SIZE, WEIGHT, SPACING, AND ERECTION OF FURRING CHANNELS AND RODS— WEIGHTS OF 

METAL LATH (METHOD A) 

Pencil rods shall be spaced not to exceed 11%-in. centers for 3-lb. expanded metal lath or 15^4-in. centers for 
3.4-lb. expanded metal lath, or 19H“in- centers for flat rib lath or rib lath weighing not less than 3 lb. per aq. 

yd. Where rib lath weighing not less than 3.5 lb. per sq. yd. is used, the pencil rods may be omitted 

SIZE, SPACING, AND ERECTION OF HANGERS AND PENCIL RODS— WEIGHTS OF METAL LATH 

(METHOD B) 

(a) In lieu of attachment to channels, pencil rods not less than K in. in diameter shall be attached directly to 
wire hangers cast into the concrete joists. Pencil rods shall be placed at right angles to the joists. 

(5) Hangers shall be not less than No. 14 gage galvanized annealed wire and shall be spaced not to exceed 
ll^i^-in. centers for 3-lb. expanded metal lath, 15^^-in. centers for 3.4-lb. expanded metal lath, or 19M-in* centers for 
3-lb. fl.at rib or 5^-in. rib lath. 

(c) Where ^^-in. rib lath, weighing not less than 3.5 lb. per sq. yd., is used, the pencil rods may be omitted, but 
the ribs of the lath shall be placed at right angles to the joists, and attachments shall be spaced not to exceed 6 in. 
on centers along joists. 

IL Attached Ceilings under Concrete Joists and Floors, Constructed with Perma n ent Metal Tiles, Domes, or Pans 

Methods of attachment and sizes and weights of the component parts of this form of construction shall be in 
accordance with the specifications of the manufacturers of the metal tiles, domes, or pans. 

12. Suspended Ceilings 

SUSPENDED BELOW THE SOFFIT OF STEEL OR CONCRETE BEAMS OR PURLINS CONCRETE OR 

HOLLOW-ULE FLOOR ARCHES 

Suspended below the So&t of Steel or Concrete Beams or Purlins or Concrete or Hollow-tile Floor Arches. 

No metal lath used for suspended ceilings shall have a weight less than 3 lb. per sq. yd.; provided, however, 
that minimum weights shall, in each case, be governed by spacing of furring channels. 

13. Beams and Cornices 

Expanded metal lath, for beams and cornices where brackets are spaced 12 or 16 in. on centers, shall be not 
less than 2.5 and 3 lb. per sq. yd. respectively. 

14. Columns and Pilasters 

(a) Expanded metal lath, where vertical members of framing are spaced not to exceed 12 or 16 in., shall weigh 
not less than 2.5 and 3 lb. per sq. yd. respectively. 

(5) Three-eighths-inch rib or flat rib lath, where vertical framing members are spaced not to exceed 19-^^, 24, 
and 30 in. on centers, shall weigh not less than 2.5, 3, and 3.5 lb. per sq. yd. respectively. 

15. Metal Lath in Steel Joist Construction 

(a) Flat exi>anded metal lath used on the upper (floor) side of steel joists (metal lumber) with a maximum 
spacing of 16 and 12 in. shall weigh not less than 3.4 lb. and 3 lb. i>er sq. yd. respectively. 

(6) Three-eighths-inch rib lath used on the upper (floor) side of steel joists, with a maximum spacing of 24 
in., shall weigh not less than 4 lb. per sq, yd. 

(c) Expanded metal lath for ceilings attached in contact with the lower flanges of steel joists with a maximum 
spacing of 16 and 12 in. shall weigh not less than 3.4 and 3 lb. per sq. yd respectively. Three-eighths-inch rib 
lath used for the same pimi>ose, for joists with a maximum spacing of 19 24, and 30 in. on centers, shall weigh 
not less than 3, 3.5, and 4 lb. i>er sq. yd. respectively. Flat rib lath, for steel joists with a maximum spacing of 
19H centers, shall weigh not less than 3 lb. per sq. yd. 

For illustrated details for metal-lath construction, see ^'Specifications for Metal Lath 
Construction ” published by the Associated Metal Lath Manufacturers, Inc. 
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71. Weight and Gage. — It is recommended that metal lath be specified by weight as well 
•IS by gage. The manufacturers are standardizing metal lath at the following weights for the 
gages given : 

Pounds per square yard 

3 4 

3 0 

2.0 

2.2 


Gage 
24 . 

25.. 

26.. 
27.. 


LIME, LIME MORTAR, AND LIME PLASTER 
By D. ICnickerbacker Boyd 

72. Qtiicklime and Its Manufactrire. — ^Lime is the product resulting from the calcination^ 
or '‘burning ” of limestone. It has been defined by the American Society for Testing Materials^ 
as follows: 

Quicklime. A calcined material, the major part of which is calcium oxide or calcium oxide in natural associa- 
tion with a lesser amount of magnesium oxide, capable of slaking with water. 

Limestone is found in nearly every state in the Union and is of two distinct types — one 
containing up to 98% of calcium carbonate with little or no magnesium carbonate; and the 
other containing magnesium carbonate in quantities ranging as high as 84 parts magnesium 
carbonate to 100 parts of calcium carbonate. Limestones containing 10% or more of 
magnesium carbonate are generally known as "magnesium” limestones. Those containing 
in excess of 25% magnesium carbonate are usually referred to as "dolomitic” hmestones. 
limestones containing less than 10% of magnesium carbonate are usually referred to as "high- 
calcium” limestones. 

Limestone may be considered as being composed of calcium oxide (CaO) and carbon dioxide (CO 2 ) — these 
constituents forming calcium carbonate (CaCOs) which is the form in which all limestone is found. Chemically 
pure high calcium limestone would be composed of 56 % of calcium oxide and 44 % carbon dioxide by weight. 
Chemically pure dolomitic limestone woxild be composed of 30.43 % calcium oxide, 21.74 % magnesium oxide, and 
47.S3 % carbon dioxide by weight. 

The lime resulting from the calcination or "burning” of these limestones is known either 
as high-calcium lime, magnesium lime, or dolomitic lime, depending upon the character of the 
-limestone from which it is obtained. Although each of these kinds of lime requires a different 
proportion of sand or other ingredients and varying claims are made as to qualities of plasticity 
or workability, all are equally suitable for general building purposes. In the case of finishing 
coats for plasterwork, however, preference is given to that lime which works most easily under 
the trowel. 

The chemical change which takes place during the calcination or "burning” of the lime- 
stone destroys the bond between the calcium oxide or magnesium oxide and the carbon dioxide. 
Under the action of heat, the carbon dioxide together with any moisture contained in the stone 
is expelled, leaving calcium oxide or "quicklime.” This lime contains small percentages of 
impurities which were present in the original stone and which it is impossible to remove in the 
calcination process. These impurities are silica, alumina, iron oxide, etc . They are not in j urious 
to masonry mortar or to plaster, provided they are present in proportions which do not exceed 
the limit set by the Standard Specifications of the American Society for Testing Materials. ^ 

Two general types of kilns are used for calcining or “burning” limestone — the shaft kiln and the rotary kiln. 
A third type of kiln, known as an “intermittent” kiln, which was in general use some years ago, has now become 
obsolete and will be found in only the smallest and most antiquated lime plants. 

The shaft kilns now in general use are of the continuous type. They vary somewhat in details of construction 
but, in general, consist of a vertical shaft, lined with refractory brick, into which the raw limestone is charged at 

1 Tentative Definitions of Terms Relating to Lime. Serial Designation: C 51-24T, 1926, American Society for 
Testing Materials Tentative Standards. 

2 Complete specifications for quicklime for structural purposes have been issued by the A.S.T.M. as Standard 
Specifications for quicklime for Structural Purposes. Serial Designation: C 5-26. 
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the top, and a cooling chamber at the base from which the calcined quicklime is remored. The cross-section of 
the kiln shaft is usually circular or elliptical. The fire grates are located at the side of the kiln at the base of the 
calcining shaft and just above the coohng chamber. A brick bridge wall between the grates and the shaft of tbe 
kiln prevents the coal and clinker from mixing with the lime. The hot gases of combustion, obtained from the 
burning of the coal on the fire grates,! pass up through, the shaft of the kiln and bring about the chemical change 
above described. As the quicklime is removed from the bottom of the coohng chamber, fresh limestone is charged 
into the top of the kiln, so the process continues without intemiption. 

Rotary Idlns as used for the calcination or “burning^'' of limestone are of the same type as those used for the 
manufacture of Portland cement. They consist essentially of a horizontal rotating cylinder lined with fire brick. 
Raw limestone is fed into one end of the kiln; fuel for calcination, in the form of either producer gas or pulverized 
coal, is charged at the opposite end. Raw limestone moving through the kiln meets an increasing temperature as 
it proceeds and is discharged as quicklime from the end of the kiln opposite to that into which the raw limestone 
was charged. 


73. Slaking Quicklime. — The standard specifications for quicklime for structural purposes 
issued by the A.S.T.M.2 give, in the form of an appendix, the following information concerning 
the slaking of quicklime: 

Quicklime can never be used as such for structural purposes; it must always be slaked first. Since the method 
of slaking is an important factor in determining the quality of the finished product, the following directions are 
given, not as a part of the specifications, but as information for the further protection of the purchaser: 

1. (o) Introduction. — Different kinds of lime vary considerably in the w^ay in which they behave with water. 
A little supervision over the operation of slaking will amply pay for itself by insuring the production of the greatest 
possible quantity and the best possible quality of putty. To find out how to slake a new lot of lime, it is safest to 
try a little of it and see how it-works. Since different lots of the same brand of lime vary eomewnat, and since the 
w’eather conditions at the time have decided influence, it is wise to try a sample from each lot used, whether familiar 
•with the brand or not. 

(b) Classification of Limes. — In a bucket, put two or three lumps of lime about the size of one’s fist or, in the 
case of granular lime, an equivalent amount. Add enough water just barely to cover the lime, and note how long 
it takes for slaking to begin. Slaking has begun when pieces split off from the lumps or when the lumps crumble. 
Water of the same temperature should be used for test and field practice. 

If slaking begins in less than 5 min., the lime is quick slaking; from 5 to 30 min., medium slaking; over 30 min., 
slow slaking. 

(c) Directions tor Slaking. — For quick-slaking lime, always add the lime to the water, not the water to the 
lime. Have enough water at first to cover all the lime completely. Have a plentiful supply of water available for 
immediate use — a hose throwing a good stream, if possible. Watch the lime constantly. At the slightest appear- 
ance of escaping steam, hoe thoroughly and quickly, and add enough water to stop the steaming. Do not be 
afraid of using too much water -with this kind of lime. 

For medium-slaking lime, add the water to the lime. Add enough water so that the lime is about half sub- 
merged. Hoe occasionally if steam starts to escape. Add a little water now and then if necessary to prevent the 
putty from becoming dry and crumbly. Be careful not to add any more water than required, and not too much 
at a time. 

For slow-slaking lime, add enough water to the lime to moisten it thoroughly. Let it stand until the reaction 
has started. Cautiously add more water, a little at a time, taking care that the mass is not cooled by the fresh 
water. Do not hoe the slaking is practically complete. If the weather is very cold, it is preferable to "use hot 
water, but if this is not available, the mortar box may be covered in some way to keep the heat in. 

2. (o) White Coat. — After tne action has ceased, run off the putty through a No. 10 sieve and store for a 
minimum of 2 weeks, 

(b) Base Coats. — After the action has ceased, run off the putty through a No. 8 sieve. Add sand up to equal 
parts by weight, all of the hair required, and store for a minimum of 2 weeks.* 

(c) Mason^s Mortar. — After the action has ceased, add part or all of the sand required, and store for a mini- 
mum of 24 hr. 

74. Hydrated Lime. — Hydrated lime is defined by the A.S.T.M.^ as follows: 

! In some cases, producer gas may be used as a source of fuel in the place of coal, 

2 Standard Specifications for Quicklime for Structural P'urpoees. Serial Designation; C 5-26, American 
Society for Testing Materials. 

* Some plasterers maintain that the slaked lime, when thoroughly screened, gives better results in base coats if 
promptly used ■with its own “lime water” than if allowed to age, because through evaporation, it loses some of its 
potency when it must then be retempered with fresh water. Ageing, on the other hand, it is claimed, permits 
moisture to come in contact with all particles of the oxide and offers greater assurance of thoroughly and com- 
pletely slaking. 

* Standard Specifications for Hydrated Lime for Struct'ural Purposes. Serial Designa’fcion: C 6-24, American 
Society for Testing Materials 
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Hydrated Lime. A dry powder obtained by treating quicklime with W’ater enough to satisfy its chemical 
affinity under the conditions of its hydration 

Note. — It consists essentially of calcium hydroxide or a mixture of calcium hydroxide and magnesium oxide 
and magnesium hydroxide. 

Hydrated linie is prepared at the mill by machinery especially designed for the purpose. The principle of 
the process is intimately to mix quicklime vdth a predetermined quantity of water sufficient to satisfy the chemical 
affinity for water and produce a thoroughly dry powder. In the case of a chemically pure high-calcium quicklime, 
56 parts of calcium oxide would combine with 18 parts of water by weight, resulting in 74 parts of calcium hydroxide 
or hydrated lime. 

Hydrated lime is of two distinct classes known as “masons’ hydrate” and as “white finishing hydrate.” The 
major difference befw een these two classes of hydrated lime is in plasticity or workability, the white finishing hydrate 
being much more plastic and easier working than is the masons’ hydrate. Complete specifications for both classes 
of hydrated lime have been issued by the .4..S.T as Standard Specifications for Hydrated Lime for Structural 
Purposes. Serial Designation: C 6-24. 

Hydrated lime is packed for shipment in paper sacks containing 50 lb and is ready for use. It is not necessary 
to slake and age hydrated lime, but it is customary to require it to be soaked for 24 hours before mixing with 
ingredients, to be entirely sure that all particles are thoroughly hydrated with no lime oxide remaining. 

76. Uses of Lime Plaster and Mortar. — ^Lime products (lump and hydrated lime) are used 
for various purposes in building construction. The principal uses are as follows: 

Scratch- and brown-coat interior plastering. 

Finish-coat interior plastering. 

Exterior stucco. 

Mortar for brick and stone masonry. 

As a flux for concrete. 

76. Lime Mortar. — The hardening of lime mortar consists partly in the crystallization of 
lime hydrate and partly in reconverting this into calcium carbonate through exposure to carbon 
dioxide in the air. It is evident from this that ventilation is highly desirable for prompt harden- 
ing of all lime mortars or plasters. 

To ensure safety of life and property it is necessary that mortar be of sufficient strength to 
safely carry all loads imposed on it. In concrete and steel structures the safety of the building 
is amply protected by a factor of safety of four, or the working load is figured as one-fourth the 
average ultimate load. As mortar is no more susceptible to the vicissitudes of workmanship 
than is concrete^ the same factor of safety should be amply sufficient in designing mortars. 

In 1915, Professor MacGregor made tests at Columbia University to determine the strength of brickwork 
laid up with various mortar. The results are shown in the following table: 


L'ltimate Kesistances of 8 X 8 X 84-in. Brick Piers Laid Up with Different Mortars 

Shown 



1 

2 

3 

4 

5 

6 

7 



100 

90 pounds 

85 pounds 

75 pounds 

50 pounds 

25 pounds 




pounds C 

C 

C 

C 

C 

C 


Mortar mix 

< 


4 pounds 

6 pounds 

10 pounds 

20 pounds 

30 pounds 

40 pounds 



HL 

HL 

HL 

HL 

HL 

HL 



300 

300 pounds 

300 pounds 

300 pounds 

300 pounds 

300 pounds 

300 pounds 



pounds S 

S 

S 

S 

S 

S 

S 

Crushed at: 








7 days 

2630 

3080 

2890 

3120 

2760 

1945 

1535 

28 days. . .... 

2840 

3170 

3230 

3470 

3100 

2370 

1870 

3 mo 

2840 

4435 

4300 

4170 

3820 

2720 

1950 


C — -"Portland cement. HL — Hydrated lime. S — Sand. 

The Building Code Committee of the U. S. Department of Commerce in March, 1926, prepared a compilation 
of data on compression tests on brick masonry. The strengths of straight lime mortar, scattered throughout these 
tests, show results 95 % of which vary from a maximum of 2000 lb. per sq. in. to a minimum of approximately 500 
lb. per sq. in. Taking the average minimum strength of 500 lb. per sq. in. and applying a factor of safety of 4, a 
safe working load of 125 lb. per sq. in. is obtained for straight lime mortar. This is an entirely logical code strength 
and is developed along legitimate engineering lines. 




Sec. 7-77] 


BUILDING MATERIALS 


979 


It IS a well-known fact that, in general, designers do not figure the stresses on brickivork, and for this reason 
little consideration has been given to its economical features. In order to form a more careful consideration of 
masonry, the Department of Commerce Building Code Committee, as the result of the various tests before referred 
to and of others more recently conducted at the Bureau of Standards, saw fit to include a clause in its code which 
permits a load of 135 lb. per sq. in. on straight lime mortar when the stresses are calculated. 

For straight lime mortar the following approximate quantities are recommended: 

1: 2 lump lime mortar bbl. lump lime and 3'2 cu. yd. of sand. 

1 : lump lime mortar 13^ bbl. lump lime and I'i cu. yd. of sand. 

1 : 3 lump lime mortar bbl. lump lime and cu. yd. of sand. 

1 : 2 hydrated lime mortar 6;^2 sacks hydrated lime and H cu. yd. of sand. 

1:21^ hydrated lime mortar 53 ^ sacks of hydrated lime and 3*2 cu. yd of sand. 

1: 3 hydrated hme mortar 5 sacks of hydrated lime and ^2 cu. yd. of sand. 

77. Use of Lime Products in Cement Mortar. — The use of lime products in ceinent mortar 
produces the following results: 

1. Lime introduces into the mortar a high degree of plasticity or w'orkability so the mortar can be easily 
spread, thus providing a more uniform bedding for the bricks. 

2. The so-called suction of the brick affects a cement-lime mortar to a much less degree than it does a straight 
cement mortar. The use of lime is said to aid in the retention of moisture in the mortar for the more nearly com- 
plete hydration of the cement in the mixture, thus causing thn cement to work at higher efficiency. This point is 
possibly brought out in the above table by the comparison of mortar Xo. 5 with mortar No. 1, The economical 
feature in this test is that a mortar composed of 20 lb. of hydrated lime, 50 lb. of Portland cement, (a total of 
70 lb. of cement material) and 300 lb. sand, developed a strength approximately 1000 lb. per sq. in. stronger than a 
mortar composed of 100 lb. of Portland cement and 300 lb. sand. 

In connection with the use of lime in concrete, a certain degree of skepticism is often expressed by engineers 
and contractors as to the real advantage to be gained by the use of an admixture in concrete. Questions as to the 
relative strength-deterioration, absorption, permeability, density, and w’orkabihty of concrete with and without an 
admixture often arise. The experience of many has been, however, that lime gives added flowability to the mass 
and in properly proportioned quantities is advantageous as an admixture in Portland cement concrete. 

The Committee on Building Code Requirements for Lime in its Report submitted to the Building Officials 
Conference in April, 1926, a report which was accepted and ordered printed in the Proceedings for a year before 
final consideration, included this recommendation: 

The following maximum admixture of hydrated lime in concrete shall be permitted in all classes of concrete 
construction except where the concrete is deposited under water: 

Maximum Addition 


Mix Pounds of hydrated lime per sack of cement 

1:1K:3 6 

1:2:4 10 

1:2M:5 12 

1:3:6 16 


The quantities of Portland cement, sand, and coarse aggregate shall not be altered in any way, the hydrated 
lime being added as an additional ingredient. 

In hand-mixed concrete, all materials shall be thoroughly mixed while dry. 

78. Proportions of Materials for Lime Plaster. — The following proix)rtions of materials 
in preparing one ton of lime plaster have been found to produce excellent results: 

For Wood Lath Surfaces 

Scratch Coat. — 1134 <m. ft. hydrated lime (9 sacks) or 934 cu. ft. lime putty, 1534 cu. ft. sand, and 3 lb. hair or 
fiber. 

Brown Coed. — 9 cu. ft. hydrated lime (7 sacks) or cu. ft. lime putty, and 163-^ cu. ft. sand. 

White Finish. — Finishing hydrated lime, or freshly burned quick lime, properly slaked, gaged with calcined 
gypsum. 

Sand Float Finish. — To each cubic foot of lime paste used, add and thoroughly mix one cubic foot of sand. 

Mbtau Lath Surfaces 

Scratch Coat: 

8 cu. ft. hyd. lime (63^ sacks) 7 cu. ft. lime putty 

134 cu. ft. Portland ceinent 134 cu. ft. Portland cement 

1534 cu. ft. sand or 1534 cu. ft. sand 

3 lb. hair or fiber 3 lb. hair or fiber 

The Portland cement should be separatdy mixed with its proportion of sand and added to the mixture just 
previous to applying the plaster. 
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Broum Coat: 

9 cu. ft. hydrated lime cu. ft. lime putty 

(7 sacks) or 

16 cu. ft. sand 163'2 cu. ft. sand 

Finish Coat: 

Same as prescribed for application to wood lath. 

Masonby Surfaces 

Scratch Coat. — 9 cu. ft. hydrated hme (7 sacks) or 7^4 cu. ft. lime putty and 16>2 cu. ft. sand. 

Brown Cuat — Same proportions as for scratch coat. 

Finish Cuat. — Same as prescribed for application on wood lath. 

CoXCRETE SCRFACE.'a 

15 cu. ft. hyd. lime (12 sacks) or 12?'4 cu. ft. lime putty, 1 cu. ft. sand, and 250 lb. c^cined gypsum. 

No more than 1 coat of plaster on concrete surfaces is recommended. 

79. Plastering Specifications. — The Contracting Plasterers’ International Association 
has adopted a Standard Specification for Plastering. The following is the full text of the cur- 
rent edition except for those brief portions referring to other than lime plaster. 

Grounds. — All grounds for various classes of work to be as follows, unless expressly specified to the contrary: 


Grounds Inches 

For two-coat lath work . . . . 14 

For three-coat lath work . . ... 1 

For three-coat metal lath work 

For three-coat metal lath work on )^-in. iron furring 1^^ 

For three-coat metal lath work on 1-in. iron furring l^i 

For two-coat work on brick or tile 

Where metal lath is spoken of it applies to all wire or metal lath. 


Lime. — All lime to be fresh-burned plasterers’ lump lime, or standard plasterers’ hydrated lime. 

Sand. — All sand to be clean, sharp sand free from loam. 

Wood Lath. — All wood lath to be Grade 1 lath in- w-ide. 

NaHa. — To be 3-d. fine, No. 16 gage wdre nails. 

Wire or Metal Lath, — -All wire lath to be No. 18 gage 0.0475 H-in. mesh painted-wire lath, weighing 3.3 lb. 
per sq. yd., or No. 24 gage metal lath painted, weighing no less than 3.4 lb. per sq yd. 

Stucco — All stucco to be fresh. 

Hair to be well-whipped cattle hair. 

Fiber to be long vegetable fiber, well whipped. 

Metal Comer Beads. — To be properly galvanized. 

Lathing. — All wood lath to be nailed to each stud joist or bearing, with joints broken, not over seven laths to a 
break, no diagonal or vertical lathing allowed, a full ^^-in. key to be left for lime and mortar. 

Lime Mortar. — To be composed of clean, coarse sand, fresh lump lime, and hair or fiber in proper proportions 
and to be well slaked and protected. 

Putfy.— Fresh-burned lump lime to be run off in a tight putty box, thoroughly slaked and screened through a 
fine putty screen. Hydrated lime, when used, to be soaked with water in a tight box for not less than 24 hours. 

Bard Finish. — To be composed of cold lime putty, plaster of Paris, and sand to be well troweled to a smooth, 
even surface, free from blisters, checks, and other imperfections. 

Sand Finish.— float sand finish to be composed of lime putty and sand to be water floated with a float to an 
even granxilar or sand surface. 

Scratch Coat. — AH scratch coating to be well laid on and surface covered with a full coat which is to be well 
scratched, to be well undercut for the brown coat, all lime-mortar scratch coating to be dry before applying the 
brown coat. 

Brown Coat. — All brown coating to be well applied, allowing only sufficient space for the finish coat, brown coat 
to be rodded and screeded with all angles straight and true. 

Wire or MetaX Lath. — Shall be lapped at each joint or seam and shall be stapled every 6 in. with blue or galvan- 
ized staples- 

Band-iron Furring. — ^As specified, to be ^ or 1 in. crimped and painted band iron of No. 22 gage ‘metal, 
such furring to be. stapled to bearing and the wire or metal lath to be applied and stapled over such band-iron furring. 

Suspended Ceilings. — To be constructed of or 2 -in. flat bar angles, tees, or channels, as may be called for, 
such principals shall be spaced not more than 4 ft. 0 in. on centers hung with flat-bar or ^4 in. mild-steel rod hangers, 
4 ft. 0 in. on centers, securely fastened with approved clips to the structural framing or through the floor construc- 
tion; in the event these hangers go through the floor construction, they shall be provided with a 6 -in. channel or 
flat-bar anchor, no hanger shall be attached to or supported from the bottom flange of a tile arch. The flat-bar, 
angle, tee, or channel runners shall be cross-furred with ^-in. steel channels 12 in. on centers, with approved mild- 
steel rod clips, or a double tie of not less than No. 14 gage annealed galvanized wire. The center construction to be 
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lathed with Iso. IS gage wire lath or No. 24 gage metal lath of the quality and weight heretofore called for. Such 
lath to be placed with lapped joints and tied to cross-furring every 6 in. with soft annealed No. 18 gage galvanized 
tie wire, all hangers, principals, and cross-furrings to be coated with paints. 

Furring.— A]1 false beam or cornice furring to be constructed of ^ 4 -in. channel or 1-in. fiat-bar brackets not 
o\er 2 ft. 0 in. apart lined out with intermediate furring supports and anchored or toggle bolted into the construc- 
tijDn to be made to co^orm to the design so as to allow for a rmnimum of plaster, such brackets to be covered with 
No. 18 gage wire or No. 24 gage metal painted lath secured with No. IS gage galvanized wire, such furring to con- 
form to the latest and best practice as to durability of construction. 

Cornice Work. All moulded beams and cornices will be sereeded and run in place with moulds, with true lines 
and accurate mitres. 

Ornamental Work. All patterns to be turned out by skilled mechanics with true and accurate lines. All 
models for ornamental work shall be satisfactory to the architect. 

Casts. All casts to be well made, the contractor to supply a sufficient number to meet the requirements of the 
job; all casts to be made in line, w’ell and truly undercut and free from warps and other irregularities supplying all 
necessary shrinkers and stretchers. 

Concrete Walls and Columns. — All work on concrete walls and columns shall have such concrete well brushed 
with steel brushes, and such concrete shall then be covered with a light bond coat of cement as a bonding coat for 
the finish coat. 

Concrete Ceilings. Shall be first washed with a solution of muriatic acid and "water; such ceilings shall then be 
plastered as above. 

Painted alls. Walls that are to be coated "vrith asphaltum waterproofing compo'unds should first be scratch 
coated, then browmed or finished. 

Patching of Plasters. — All patching of plaster damaged by mechanics shall be paid for. 

Scaffold. This contractor shall supply all necessary tools, scaffold, and other appliances necessary to £"0151 
the req-uirements of the job, all scaffolding to be erected and maintained in accordance with the laws of the state 
relating to scaffolds. 

Supplementary 

This specification is intended to aid architects, engineers, and others interested in the fundamentals requisite 
for good work and is a coordination of the experience of practical men. 

The following additional suggestions are offered: 

Wood Lath. — In the Southwestern states yellow pine lath are used. 

In the Pacific Coast regions pine and fir lath are used. 

In the Eastern states, pine and cypress lath are used. 

In the central West, mixed lath composed of hard pine and hemlock are used. 

Due to the changing building conditions, this association recommends the use of wire or metal lath in all build- 
ings of ordinary construction; its use results in slow-burning monolithic construction at a reasonable cost, which 
cannot appreciably affect income ret'urns on such buildings, while its use adds permanency, safety, and the minimum 
of repairs to such buildings. 


STUCCO 

By W. E. Habt 

Stucco, in one form or anotlier, has been employed as an exterior treatment for dwellings 
since the early Christian era. A study of early history shows that the Aztec and the early 
Egyptian employed mud or clay mixed with lime and plastered on reeds or small branches 
of trees for the exterior of their huts. The later Egyptian and the Greek became more pro- 
ficient in the application of this crude material and at the same time developed a plaster com- 
posed of limes and volcanic ash. This new composition gave greater life and withstood the 
ravages of time much better than the old clays. Examples still exist in the ruins of Greece and 
Borne of plaster of this character. In many cases, bright colors were added to the mixture, 
thus accentuating details. With the advent of modem plastic materials, such as Portland 
cement and the lime stuccoes, it has been possible to build permanence into the structure which 
was impossible under the practice of the ancients. 

Stucco has come into general use in this country as an exterior finish for residences and 
many types of other structures. One reason for this has been the adaptability of a plastic 
material and the unusual effects that can be obtained with it as a decorative medium. Today, 
color and texture are items of interest in the exterior treatment of homes. The home builder is 
not satisfied with merely finishing his home with a color and texture that are appropriate to 
the desiguy but he demands proper planting and landscaping so as to set off his dwelling to the 
greatest degree. It may, therefore, be expected that in the years to come a great deal of stucco 



982 


[Sec, 7-SO 


HAMjiUjfjK OF BLlLUJMi CON^TRCCTIOX 

will be employed in om z. ' ttionai life. The craftsman is being educated in the proper application 
of stucco. The a:* 1 ;!eet is interested in detailing his modest dwellings in a material that so 
artisticallv his thoughts that the public is charmed by the results of the labors of 

rdaiiV mdustries have cooperated with the Bureau of Standards in the preparation of 
tests and investigations. As a result of this experimental work, standards have been set up 
for the quantities and kinds of material and the proper kinds of construction upon which 
stucco can be applied. Exposure tests have been conducted at the Bureau of Standards since 
1909. These tests have established a definite relationship between methods of construction 
and the application of plastic materials. These tests by the Bureau are novr standards of the 
American Concrete Institute and are embodied in the recommendations of the Portland 
Cement Association, The Associated Metal Lath Manufacturers, and many other agencies. 

80. The Importance of Proper Design for Stucco Construction.— Successful stucco work 
depends, in a large measure, upon the proper design of the structure. If the base is not rigid, 
the additional stress placed in the stucco slab may cause it to crack, even though the best of 
construction has been used in the slab itself. This thin 1-in. slab should not be expected to 
stand alone or in any way strengthen the structure upon which it is placed. It is essential, 
therefore, to design the walls, regardless of material, sufficiently rigid to resist normal wind 
pressures or movements. The stucco coat should merely serve as an exterior treatment or 
decorative finish. 

Stucco bases divide themselves into three general classes, as follows: (1) monolithic concrete 
waU; (2) masonry- wall; (3) frame or timber wall. 

Each of these classes involve a somewhat different technic and are, therefore, discussed 
under three separate headings. 

1. Monolithic Concrete Walls. — A new practice has been introduced to avoid diflBculties experienced in the past 
in the application of cement mortars to monolithic concrete walls. This process involves the application on the 
formSi prior to the placing of the concrete in the wall, of a material that retards the hardening of the cement upon 
the surface of the concrete. After the concrete has hardened and the forms are removed, the waU is wire brushed, 
thus revealing the coarse aggregate in the concrete. After the concrete has dried out for a period of several months, 
the walls are given a scratch coat of the standard stucco mortar. Under this method, it is possible to obtain a 
mechanical as well as a suction bond for the scratch coat. 

Another method \ised extensively on the Pacific Coast is to wire brush the waE immediately upon removing 
the forms. As soon as the wall has dried out, it is dashed with a mixture of 1 part of cement to 2 parts of sand, 
mixed to a creamy consistency. This dash coat should be permitted to cure and dry out for a period of 4 to 5 
days before the application of the brown coat. The wall is then ready to receive the finish decoration as desired 
by tne architect. 

2. Masonry Walls. — Walls made of concrete block, brick, hollow tile, and similar materials should be rigid and 
constructed upon solid footings. The surface upon which the stucco is to be applied should be clean, free from all 
dirt, dust, or loose particles, and preferably of a rough texture. All mortar joints should be cut back from the 
surface of the wall. Where clay tile are used, they should be hard burned with dovetail or heavy, ragged scoring. 
Clay-brick walls should be composed of a rough, hard-burned clay brick and, if painted or waterproofed, should be 
covered with a reinforcing fabric before the application of the first coat of stucco. 

3- Frame or Timber Walls. — The studs for timber walls should not exceed 16 in. on centers. Studding should 
run from the foundation to the rafters without intervening horizontal members. The studs should be tied together 
below the second-floor joist with a 1 X 4 board let into the inner face of the studs. If open construction is used 
without sheathing, the studs should not be spaced to exceed 12 in. The corners for all walls should be braced 
to ensure the necessary rigidity of the structure. Bridging of the studs with 2X4 braces should be placed at least 
once in every story height. Where sheathing boards are used, they should be not less than 6 in. nor more than 8 in. 
in width, dressed to a uniform thickness, and laid horizontally. Diagonal sheathing should not be used under any 
condition, as this construction will tend to develop diagonal cracks in the stucco. Over the sheathing shall be laid 
horizontally, beginning at the bottom, any standard asphalt-saturated roofing felt weighing not less than 15 lb. 
per square, tie bottom layer lapping the baseboards and each strip lapping the strip below at least 2 in. This 
construction prepares the wall to receive the reinforcement. A specification for this reinforcement is given below: 

“Reinforcement shall consist of expanded metal cut from sheets not less than 20 gage in thickness with openings 
not less than ^ X 2 in. nor greater than IJ^ X 4 in. in size, the fabric to weigh not less than 1.8 lb. per sq. yd., or 
wire fabric composed of wires not smaller than 18 gage used with openings not less than ^ in. square or "with wires 
not smaller than 14 gage used with openings not greater than 2 in. square. “ ' 

“Reinforcement shall be placed horizontally, fastened with approved furring devices not more than 8 in. apart 
over the surface. Vertical laps shall occur at supports, horizontal joints being lapped and tightly laced with 18 
gage annealed wire. The sheets shall be returned around corners at least 4 in. in sheathed construction and 16 in. 
in open construction. Comer beads shall not be used.” 
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81. Reinforcement. — Failures that have existed in many stucco walls in the past have 
been largely due to the fact that interior methods and construction have been employed on 
the exterior rather than developing a type of construction that is suitable for exterior exposure. 
The specification above referred to anticipates the use of a type of stucco mesh that builds up a 
scratch or first coat in, thick, followed by a second or brown coat of hke thickness. In the 
first place, reinforcing mesh is nailed and tied securely to the wall so that it functions as one 
unit, thus preventing vertical or horizontal cracks. With a scratch coat completely embedded 
behind the metal, a base coat for the stucco is built up which has a rigidity, strength, and 
permanence that does not exist in the older type of construction. 

Many of the failures in the old -work were primarily due to the fact that the scratch coat 
was not forced through the metal lath, thus failing to protect the metal or build up a scratch 
coat of sufficient strength to carr\" the load of the second and finish coats. It is essential, 
therefore, to consider carefully the placing of the reinforcement and the first coat where frame 
walls are being stuccoed. 

82. General Provisions. — The design of the walls should be such as to prevent concen- 
trated flows of water over the surface of the stucco. Wherever the stucco joins the structures, 
or at the top of cornices or coppings, the walls should be properly flashed to prevent water from 
getting in behind the stucco. All moldings and ornaments should be made to run the water 
off quickly. All hangers, drips, and fastenings should be in place before the stucco is applied. 
Chimneys to be stuccoed should first be covered with a reinforcing fabric, properly placed and 
supported to the surface. The; use of reinforcement, in this case, is a precaution taken to 
prevent cracking due to the differences in temperature between the wall of the chimney and the 
exterior surface of the stucco. 

The materials for a Portland cement stucco consist of a standard Portland cement sand, graded from 0 to in., 
and clean water. To this mixture may be added hydrated lime in an amount equal to one-fifth of the volume of the 
cement. Lime is added to aid in the proper application of the stucco and not as a waterproofing agent. Stuccoes, 
made under the procedure indicated in this chapter, will be of sucli density that they will shed water with little or 
no absorption. 

83. Proportions. — The life of a stucco, or its ability to resist weathering, depends upon two 
qualities. First, the proper application of the material to the wall and, second, the proportions, 
or combination, of materials that make the stucco. 

As a result of the tests carried out at the Bureau of Standards, a satisfactory mirtxire is one composed of 1 
part of cement to 3 parts of sand, to which may be added hydrated lime equaling 10 % of the weight of cement- 
These materials are mixed dry until the mix is uniform in color. Water is then added to give the required plasticity 
and the whole mix re-mixed imtil the mortar is uniform in consistency. The exact amount of water required 
depends entirely upon the kind of wall that is to receive the mortar and the ability of the craftsman to place tho 
mortar. Richer mixes than the one above specified may tend to develop craze cracks. A mixture leaner than 
1 : 3 will be too harsh for the craftsman to apply properly. The recommended mixture represents an average that is 
easily placed and if cured during the first 2 days after application should develop little or no craze cracks. The 
mixture above specified should apply for all three coats. It may be necessary, in some cases, to change the grading 
of the sand and the proportion of cement to sand for the finish coat. If a coarse texture is required, a 1:3 mix 
with 10 % of lime will be entirely satisfactory. If, however, a smooth finish is desired, then the M-in. material 
should be removed from the sand and the mixture adjusted so that the relationship of cement to sand is approxi- 
mately 1 : This mortar is applied thin to the brown coat by forcing it into the pores with considerable pressure 

on the trowel. Plasterers usually call this a thin, tight coat. 

A convenient specification for proportioning is given below: 

“Mortar for both scratch and brown coats shall be mixed in the proportions of five sacks of Portland cement, 
one 50-lb. sack of hydrated lime, and 16 cu. ft. of sand. The finish coat, if not a prepared Portland cement stucco, 
shall be of like proportions to those used in the previous coats, with such additions of noineral coloring pigments as 
necessary, but in quantities not to exceed 6 % of the volume of the cement used.’^ 

“Dry mixing of ingredients shall be carried on until the color is uniform; wet mixing until the consistency is 
uniform. It is positively essential that a definite system be used which shall produce uniform mixes for scratch and 
brown coats. The quantity of water shall be determined by trial and thereafter used in the proper proportions."’ 

84. Application. — The procedure to follow in the application of the three coats of stucco is 
as follows: 

After the scratch or first coat has been appKed to the waE, regardless of the type of base, it should be lightly 
scored, and as soon as it has hardened sufiSriently to prevent washing, it should be sprinkled and kept wet for a 
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period of at least 2 days. The wall should then dry out slowly for a period of at least 5 days. Under no condition 
should^the brown or second coat be applied until after the walls are thoroughly dry. 

The brown coat is then applied in the same manner as the scratch coat to a thickness of not less than in. 
This wall should be cured and permitted to dry out slowly, as described under the application of the scratch coat. 
After this coat has become thoroughly dry, it is then ready to receive the finish or decorative coat. The time 
elapsing between the placing of the scratch and brow*n coat permits all shrinkage and loading cracks to appear in 
the scratch coat, so that when the brown coat is applied, these cracks are completely buried. With proper suction 
in the scratch coat, the brown coat is knitted into the scratch coat to such an extent that the bond cannot be broken 
nor will it permit the passage of moisture into the structure itself. 

The methods and tools for making the finish coat depends entirely upon the texture to be used and the effects 
to be produced. The application of this coat is a distinct art in itself, and the plastering contractor should endeavor 
to use only experienced "workmen. Alany variations of color and texture are possible, and the limitations of artistic 
effects are only the limitations of the craftsman himself The texture should be a frank expression of the technique 
of application. A variation of pleasing appearance is given by producing a texture of smooth surface over a rougher 
textured base. Combinations of texture and color variations can contribute their full measure to the beauty of an 
architectural conception. 

86. Color. — The generous use of color is apparent in the newer stuccoed effects. There 
has been a decisive change in the past few years taking place in the design and in the color treat- 
ment of American homes. These color effects are chiefly secured by the addition of mineral 
pigments which are mixed by grinding together the cementing material, sand, and color. Other 
effects are produced by the use of colored aggregates which are exposed by brushing and acid 
treatment after the stucco has hardened. The ability of any color selected to harmonize with 
the texture of the architectural style and the natural setting of the house is of primary impor- 
tance. The ultimate artistr\^ of a design and its most successful rendition can be accompanied 
only when the three factors of appearance — ^fonn, texture, and color — are artistically balanced. 

Alineral pigments should not be mixed on the job when it is possible to purchase reliably prepared, machine- 
mixed materials. If prepared stuccoes are not available, only the best mineral coloring pigments that are guaran- 
teed by the manufacturers to retain their color when mixed with cement should be used. The finer the coloring 
materials are ground and the better they are distributed throughout the mortar the greater is their ability to impart 
their fuH color. Tests should be made by mixing small pats of the standard mortars with the proper amount of 
color added to determine the exact shade to be used for the stucco. These pats should be permitted to dry slowly 
for 4 or 5 days. Wet mortars are darker than dry mortars. Water is a factor in color. Coloring matter, in gen- 
eral, should not exceed 6 % of the weight of the cement. It is impossible to give a definite formula for the amount 
of color to be used for any given job. It is best to experiment by mixing known quantities of color with the cement 
and sand and permitting these colors to harden and dry out as above described. 

A general guide to the selection of coloring materials to obtain various tints in stucco follows: 


Reds and pinks red oxide of iron 

Yellows and buffs yellow oxide of iron 

Greens chromium oxide 

Browns brown oxide of iron 

Blues ultramarine blue 

Grays or slate effects manganese black, drop black, or Germantown lampblack. 


It is recommended that, wherever possible, a prepared stucco be used. The principle underlying the prepara- 
tion, proportioning, and mixing of colors with Portland cement can easily be tmderstood by the average plasterer. 
However, the mixing of deb cate shades on the job, without accurate measuring devices, may tend to develop mot- 
tled and uncertain results in the finished work. Where the materials are mixed on the job, a structure may start 
out "with one color and end up "with another. It is advisable, therefore, to use a material that is prepared under 
plant supervision, having the advantage of factory-measured and -proportioned materials, machine mixing, and 
the grinding of the color pigment with the cement. It is also essential for the plasterer to follow the manufacturer’s 
directions very carefully. Many stucco jobs have been ruined by the plasterer’s adding extraneous materials, 
which has resulted in bad spots, poor color effects, and general dissatisfaction on the part of the owner. 

86. Overcoating Old Houses. — Overcoating is a term generally applied to the method of 
using Portland cement stucco as a covering for the exterior surface of old houses. The struc- 
tural frame of the dwelling may be in a perfect condition, but the architecture and the exterior 
of the building are exceedingly out of date. The problem, therefore, of appljdng a stucco coat 
to the house may be one of not only saving the structure but also stabilizing the real value of the 
house. 

The procedure to follow in placing an overcoat on an old job is as follows: All siding should 
be securely re-nailed to the studding and then covered with a 15-lb. asphalt roofing felt. The 
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same type of reinforcement should be used as on a new job. This reinfo rmcent should be furred 
out 3^ in. thus permitting the building up of a scratch coat of sufficient rigidity to support the 
browm and finish coats. From this point on, the procedure is identical to that recommended 
for new work. 

87. Other Types of Stucco. — Aside from Portland cement stucco, which is the type most 
widely used, there are two others which deserve mention. 

One of these is the lime stucco of earlier days, of which many splendid examples are still in 
existence. The question arises, "V^Tiy were these lime stuccoes almost wholly abandoned in 
favor of Portland cement, when their quality and durability are evidenced by the fact that 
some of them have endured for more than a century? From examination of some of the well- 
known lime stuccoes of Germantown, Pa., and elsewhere, the writer is of the opinion that the 
conditions under which these stuccoes were built are conditions of the past (houses with IS-in. 
stone walls, lime slaked 12 months before use, mortar applied in thin coats, and each left to 
harden for an indefinite time) ; these were conditions highly favorable to lime stucco, but they 
no longer obtain. It is true that there are satisfactory stuccoes of the present period in which 
varying proportions of lime and cement have been used, many of them no doubt containing 
more lime than cement, but so many failures may be traced directly to faulty combinations of 
these materials, and so much evidence has accumulated to demonstrate the superiority and 
greater reliability of Portland cement, that mixtures containing more than 20 to 25% of hme 
by volume should be avoided in modem practice. 

Within the last 8 yr., a new type of stucco has been marketed as a proprietary product 
by a number of competing manufacturers. This material, commonly known as “magnesite 
stucco, is a mixture of magnesium oxide, sand, asbestos, and other fillers and, when gaged with 
a solution of magnesium chloride, forms a plastic mortar which develops a strength comparable 
with that of Portland cement mortar. As a stucco it has certain advantages over Portland 
cement stucco, the chief of which are greater plasticity and the fact that it can be applied 
without injury in freezing weather. Gn the other hand, its chief disadvantages are intrinsically 
high cost, low resistance to the action of water and continued dampness, its tendency to corrode 
metal lath, and the present necessity for obtaining all materials and ingredients from the 
manufacturers. There seems to be a lack of understanding on the part of the plastering craft 
of a rather complicated method of mixing and applying this material. As a result of this 
misunderstanding, many failures exist. The lack of complete information regarding the prop- 
erties and characteristics of the cementing materials and the lack of specifications which will 
ensure the quality of the finished product are the chief reasons for a conservative attitude 
toward magnesite stucco at the present time. 

GYPSUM AND GYPSUM PRODUCTS 
By George A. Hool 

Pure gypsum is hydrous calcium sulphate, — i.e.j calcium sulphate carrying water of crystal- 
lization. Its chemical formula is CaS 04 + 2 H 2 O. 

88. Gypsum Plasters. — Where gypsum is heated to a temperature between 250 and 400 
deg. F., it loses about three-fourths of its combined water and the calcined product is known 
commercially as 'plaster of Paris. This product, when finely powdered and mixed with water, 
takes up in combination as much water as it lost through calcination and becomes rigid, or 
“set,'' through recrystallization. 

As foimd in nature, gypsum contains impurities, such as Si02, AI2O3 and Fe 203 , CaCOs 
and MgCOs. If these impurities or substances such as fiber, added for the purpose, are present 
in the calcined product, they retard setting; and such gypsum plasters are termed “slow- 
setting," Cement pLasters, so called, are gypsum plasters and may be either slow or fast setting. 

By calcining gypsum above 900 deg. F., a very hard flooring plaster is produced, which sets 
very slowly. Keene's cement is obtained by calcining pure gypsum at red heat, immersing it 
in an alum bath, then drying and calcining it again. Mack's cement is dehydrated gypsum 
mixed with 0.4% of sodium or potassium sulphate. This plaster takes a quick, hard and 
durable set and is used for floorings or for stuccoing on walls and ceilings. 
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89. Classification of Calcined Gypsum and Gypsum Plasters. — The A.S.T.M. Standard 
Specifications for gj'psum [Serial Designation : C 22-25) set forth in detail the following materials 
and standards: 

Testing. — The chemical and physical properties of gypsum shall be determined in accordance with the Standard 
Methods of Testing Gypsum and Gypsum Products (Serial Designation: C 26) of the American Society for Testing 
Materials. 

Definition. — (a) Pure gypsum is calcium sulfate combined in crystalline form with 2 molecules of water. 

(6) Its chemical formula is CaS04*2H20- 

(c) No material may be considered gypsum within the meaning of these specifications which contains less than 
64.0 % by weight of CaS04-2H20. 

Forma and Sizes. — Gjiisum may be in any of the following forms and sizes: 

(а) Run-of-mine Gypsum — The form in which it comes from the mine or quarry. 

(б) Crushed Gypsum — Run-of-mine gypisum further reduced so that all of it will pass a 3-in. (76-mm.) ring, 
and not more than 25 % shall pass a No. 100 sieve. 

(c) Sized Gj’psum. — Shall all pass a 13 2 -in. (38-mm.) ring, and not more than 10 % shall pass a K-in. sieve. 

(d) Ground Gj^psum. — Gypsum further reduced for specific uses. Ground gypsum may be in any of the follow- 
ing standard forms; 

No. 1. — This material shall all pass a No. 14 sieve, and not less than 85 % of it shall pass a No. 100 sievg. 

No. 2. — This material shall all pass a No. 14 sieve, and not less than 60 nor more than 85 % of it shall pass a 
No. 100 sieve. 

No. 3. — This material shall all pass a No. 8 sieve, and not less than 40 nor more than 60 % of it shall pass a No. 
100 sieve. 

No. 4 — This material shall all pass a No. 100 sieve. 

Note. — A ll sieves referred to shall conform to the requirements of United States Standard Sieve Series. 

Chemical Properties. — The chemical composition, within the limits prescribed by Section 2 (see definition), 
shall be a matter of contract. 

The following are the A.S.T.M. Standard Specij&cations (Serial Designation: C 35-25) for 
gypsum plastering sand: 

Composition. — Sand used for plastering in which gypsum is employed shall consist of fine, granular material, 
naturally or artifically produced by the distintegration of rock containing not less than 80 % by weight of silica, feld- 
spar, dolomite, magnesite, or calcite and shall be free from saline, alkaline organic, or other deleterious substances. 

Grading. — It shall be graded from fine to coarse, and when dry not more than 6 % by weight shall be retained 
on a No. 8 sieve; not less than 80 % by weight shall be retained on a No. 50 sieve; and not more than 6 % by weight 
shall pass a No. 100 sieve. These sieves shall conform to the requirements of the United States Standard Sieve 
Series. 

The following extract from the A.S.T.M. Standard Specifications for gypsum plasters 
(028-21) gives information in regard to their composition and qualities: 

Gypsum Ready-sanded Plaster, — Gypsum ready-sanded plaster is a plastering material in which the pre- 
dominating cementitious material is calcined gypsum, and which is mixed at the mill with all the constituent parts, 
including sand, in their proper proportion. It requires only the addition of water to make it ready for use. 

Composition. — The following shall govern the composition of gypsum ready-sanded plaster for the desired 
coats: 

(a) Scratch or First Coat . — Gypsum ready-sanded plaster used for scratch or first coat shaR contain not more 
than two-thirds by weight of sand. The remainder shall contain not leas than 75 % of its weight of calcined gypsum. 
The other 25 % of this remainder may consist of materials to control the working quality, setting time, and fibering. 

(jb) Browning or Second Coat . — Gypsum ready-sanded plaster used for browning or second coat shall contain 
not more than 75 % by weight of sa,nd. The remainder shall contain not less than 75 % by weight of calcined 
gypsum. The other 25 % of this remainder may consist of materials to control the working quality, setting time, 
and fibering. 

Time of Setting, — -The time of set of gypsum ready-sanded plaster shall be as follows: 

(а) Scratch or First Coat . — This plaster shall set in not less than 1 nor more than 7 hours. 

(б) Browning or Second Coat . — This plaster shall set in not less than 2 nor more than 6 hours. 

Tensile Strength. — The tensile strength of gypsum ready-sanded plaster shall be as follows: 

(а) Scratch or First Coat . — This plaster shall have a tensile strength of not less than 75 lb. per sq. in. kg. 
per sq. cm.). 

(б) Browning or Second Coat . — This plaster shall have a tensile strength of not less than 50 lb. per sq. in. (3>^ kg. 
per sq. cm.). 

Gypsum Neat Plaster. — Gypsum neat plaster is a plastering material in which not less than 85 % of the cementi- 
tious material is calcined gypsum mixed at the mill with other materials. 

Composition. — Gypsum neat plaster shall contain not less than 85 % by weight of calcined gypsum. The 
remainder may consist of materials to control the working quality, setting time, and fibering. _ 

Time of Setting. — Gypsum neat plaster shall set in not less than hours. 
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TeasUe Strengtii. Gypsum neat plaster shall have a tensile strength of not less than 150 lb. per sq. in. (10^ 
kg. per sq. cm.). 

Gypsum Wood-fibered Plaster. — Gypsum wood-fibered plaster is a gypsum plaster in which wood fiber is used 
as an aggregate. 

Composition. Gypsum wood-fibered plaster shall contain not less than SO % by weight of calcined gypsum 
and not less than 1 % by weight of wood fiber made from a non-staining wood. The remainder may consist of 
materials to control the working quality and setting time. 

Time of Setting. Gypsum 'wood-fibered plaster shall set in not less than 1 J 2 uor more than S hours. 

Tensile Strength. Gypsum wood-fibered plaster shall have a tensile strength of not less than 125 Ib. per sq. 
in. (8^4 per sq. cm.). 

Calcined Gypsum for Finishing Coat. — Calcined gypsum for finishing coat may, or may not, contain retarder. 
It may be classified in two grades: m., “white” and “gray.” 



Fig. 31. — Construction of gypsum plaster board partition. 

Fineness. — Calcined gypsum for finishing coat shall all pass a No. 14 sieve, and not less than 60 % of it shall 
pass through a No. 100 sieve. 

Note. — All sieve numbers refer to United States Standard Sieve Series. 

Time of Setting. — Calcined gypsum for finishing coat when not retarded shall set in not less than 20 min. nor 
more than 40 min., and when retarded shall set in not less than 40 min. nor more than 6 hours. 

Tensile Strength. — Calcined gypsum for finishing coat shall have a tensile strength of not less than 200 lb. 
per sq. in. (14 kg. per sq. cm.). 

90. Gypsum Products . — Gypsum planter board, gypsum wall hoard, gypsum partition tile 
or block, gypsum roof tUe, and otlier formed building products are made from calcined 
gypsum mixed with various aggregates, such as fiber, wood-pulp, etc. They are molded as 
units by various processes and supplied ready to place on the job. 

90a. Gypsum Plaster Board. — Gypsum plaster boards are used as a sheet lath 
or base for gypsum plaster on walls, ceilings, and partitions on the interior of buildings. The 
following paragraphs are extracts from the A.S.T,M. Standard Specifications for Gypsum 
Plaster Board (C 37-25): 
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Gypsum Plaster Board. — Gypsum plaster boards are sheets or slabs having an incombustible core of gypsum 
and designed to be used as a lath or backing for gypsum plaster on the vfalls, ceilings, and partitions in the interior 
of buildings. 

Composition. — Gj^psum piaster boards consist either of sheets or slabs of gypsum with not more than 15 %, 
by weight, of fiber intimately mixed; or an incombustible core of gypsum, with or without fiber, surfaced with paper 
or other fibrous material firmly bonded to the core; or with intermediate layers of such material within the core. 

Thickness. — Gypsum plaster boards shall be (6-3 mm.), Jic (S.O rnm.), (9.5 mm.), or M in. (12.7 mm.) 
thick, except that average thicknesses varying not more than Jde in. (1.6 mm.) from the nominal thicknesses and 
local variations of Ks iu. (1.6 mm.) in the thickness of the individual boards are permissible. 

Dimensions. — The nominal width of gypsum plaster boards shall be .32 in. (810 mm.), and the nominal length 
24 (610 mm.), 36 (910 mm.) or 48 in. (1220 mm.). A variation of }4 in. (6.3 nim.) under the specified width and 
of in. (9.5 mm.) under or over the specified length is permissible. 



Pio. 32. — Showing construction of Sackett plaster board. Note folded edge and alternate layers of felt and 
' gypsum. 


Weight. — The weight of gypsum plaster board per 1000 sq. ft. shall conform to the following: 


Thickness 

Weight, minimum 

Weight, maximum 

Inch 

IMillimeter 

Pounds 

Kilograms 

Pounds 

Kilograms 

H 

6.3 

1200 

544 

1500 

680 

Ke 

8 

1250 

567 

1650 

750 


i 9.5 

1400 i 

635 

2000 

907 


12.7 

: 2000 1 

i 1 

907 

1 

3000 

1361 


Strength. — (a) Strength-test specimens shall be 12 in. (300 mm.) -wide and approximately 18 in. (460 mm.) long. 
When tested in accordance with the methods described specimens taken from the gypsum plaster boards shall 
carry not less than the following loads: 


Board thickness, inches 

Load, 

pounds 

Knife edges across fiber of 
surfacing 

Knife edges parallel to fiber of 
surfacing 

H 

40 

20 

He 

36 

17 


30 

14 
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(6) With loads equal to or leas than those specified in paragraph (a) there shall be no breaking of the bond 
between the surfacing and the core. 

(c) GjT^sum plaster boards that are ^2 (12.7 mm.) thick, or those that are not reinforced on the surfaces 

with a covering made from fibrous material, when tested as described in paragraph (a), shall carry an ultimate 
center load of not less than 20 lb. (9.07 kg.j. 

Finish.— The surfaces shall be such that they will readily receive and retain gj^psum plaster. The edges and 
ends shall be reasonably straight and sohd. The corners shall be square with a permissible variation of 3"^ in 
(6 mm ) in the full width of the plaster boards. Gypsum plaster boards shall be free from cracks and imperfections 
that will render them unfit for use. 

Note. Gypsum plaster boards that have their corners blurred or broken shall be considered acceptable, 
provided that the broken portion is not more than m. (38 mm.) in length. 

906. Gypsum Wall Board. — Gypsum wall boards are used without plaster coatings, 
as a finish on walls, ceilings, and partitions on the interior of buildings. The following is from 
the A.S.T.M. Standard Specifications for gypsum plaster board (C 36-25). 

Gypsum Wall Board. — Gypsum wall boards are sheets or slabs having an incombustible core of gypsum 
and which, without the addition of plaster, furnish to interior walls, ceilings, or partitions a surface which may 
receive decoration. 

Composition. — Gypsum wall boards consist of an incombustible core of gypsum, with or without fiber, surfaced 
with paper or other fibrous material firmly bonded to the core. 

Thickness. Gypsum wall boards shall be nominally in. (9.5 mm.) in thickness with permissible variations 
in the average thickness of ± in. (0.4 mm.) and with permissible local variations of ± ^2 in. (0.8 mm.) from the 
normal thickness. 

Note. — Gypsum -wall boards are manufactured in thicknesses from 34 in. (6.3 mm.) to in. (12.7 mm.) with 
permissible local variations of ± 3-32 in. (0.8 mm.) from the nominal thickness. 

Dimensions. — (a) Gypsum wall boards that are to be laid with the joints butted shah have widths of 32 (810 
mm.), 36 (910 mm.), or 48 in. (1220 mm.), except that a variation of ^32 in. (2 mm.) under the specified widths is 
permissible. 

(6) Gypsum wall boards that are to be laid with the joints filled shall have widths 3'^ in. (6.3 mm.) less than 
those specified in paragraph (a), except that the same variation is permissible. 

(c) The lengths shall be from 4 (1.22 m.) to 12 ft. (3.66 m.), inclusive, except that a tolerance of % in. (9.5 mm.) 
from the length of individual boards is permissible. Special boards may be cut to any desired length within the 
limits prescribed. 

Weight. — The weight of gypsum wall board shall be not less than 1400 lb. (635 kg.) nor more than 2100 lb 
<952.5 kg.) per 1000 sq. ft. 

Strength. — (a) Strength test specimens shall be 12 in. (300 mm.) in width and approximately 18 in. (460 mm.) 
in length. When tested in accordance with the methods described in Section 13, specimens taken from the g 3 qDaum 
wall boards shall carry a load of not less than 60 Ib. (27.22 kg.) when the load is applied across the fiber of the 
surfacing, and not less than 32 Ib. (14.50 kg.) when the load is applied parallel to the fiber of the surfacing. 

(&) With loads equal to or less than those specified in paragraph (a) there shall be no breaking of the bond 
between the surfacing and the core. 

Finish. — That surface of the gypsum wall board designed to be exposed on erection shall be true and free from 
imperfections that would render the wall boards unfit for use with or without decorations. The edges and ends 
shall be straight and solid. Boards that are to be butted shall have corners square and opposite edges parallel to 
each other. With boards that are to have the joints filled, a negative variation of }-i in. (3 mm.) from parallelism 
of opposite edges is permissible. 

90c. Gypsum Partition Tile or Block. ^ — Gypsum tile for non-bearing fire walls, 
partitions, and enclosures, and for furring the inside or outside of other walls, consists of hollow 
or solid tile or blocks which are manufactured at the mills and are delivered for erection on the 
building site. 

Generally, gypsum tile consists of about 95 % finely ground calcined gypsum uniformly mixed with from 2 to 
5 % by weight of fibrous material, this compound being mixed to a plastic state with water, and molded in the form 
of the desired units. 

Commercial standard sizes and weights per square foot for the uses stated are about as follows: 


IJr^-in. split furring (l^^ X 12 X 30 in.) 

2-in. split furring (2 X 12 X 30 in.) 

1^-in. solid tile or block (13^ X 12 X 30 in.) 

2- m. solid tile or block (2 X 12 X 30 in.) 

3- in. hollow tile or block (3 X 12 X 30 in.) . . . 

4- in. hollow tile or block (4 X 12 X 30 in.) . . . 

5- in. hollow tile or block (5 X 12 X 30 in.) . . . 

5- in. solid tile or block (5 X 12 X 30 in.) 

6- in- hollow tile or block (6 X 12 X 30 in.) . . - 

S-in. hollow tile or block (8 X 12 X 30 in.) . . 


4.9 lb. 
9.4 lb. 
7.2 lb. 
9.4 lb. 
9.4 lb. 

13.0 lb. 

15.6 lb. 

20.0 lb. 

16.6 lb. 
22.4 lb. 


1 This material supplied by V. G. Marani, Chief Engineer of the Gypsum Industries Associati' 
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Special sizes of gj'psum tile can be made to order in any size, thickness, or shape to meet requirements. 

For ventilation ducts or special construction the tile can be manufactured with one or both faces smooth and 
of any desired density and strength. 

Gypsum plaster tile are used as a substitute for clay tile, cement blocks, brick, concrete, metal lath and plaster, 
sheet metal, and wood lath and plaster in the following nonbearing constructions: 

Corridor w*aUs, partitions, and wall furring. 

Fire division w'alls. 

Elevator, stairway, and dumb waiter enclosures 
Light wells, pipe chases, and vent ducts. 

Floor fillers, also roof fillers for insulating purposes. 

False columns, pilasters, etc. 

In buildings of fireproof construction or for any construction required to be of high fire-resisting value, gypsum 
tile are used for the following, in addition to the uses (as stated) for the protection of combustible construction' 
Non-bearing, “fire” or “fire division” walls. 

Steel girder, truss beam, and lintel protection. 

All partitions, walls, furring, etc., should be started upon solid flooring. In all fireproof buildings they should 
be started upon fireproof floor or other fireproof construction; and in all buildings “fire” or “fire division” walls 

should be constructed upon fireproof floors or fireproofed steel 
supporting beams or girders All corners should be bonded, and 
connections to other walls should be suitably bonded or anchored. 

Generally, gy^isum furring should be laid up against the wall 
or partition to be furred and be securely wired or spiked to such. 
Free standing furring (not against a wall or partition) should be 
secured by metal separators spaced not further apart than 3 ft. in 
any direction. 

Trim, grounds, chair rail and similar fixtures should be nailed 
directly to the tile or block. Black boards, heavy toilet fixtures, 
mantels, etc., should be secured to 2-in. nailing blocks which are 
nailed to and are full size of the end of the gypsum tile. 

All tile construction, furring, girder, truss, beam, and lintel 
protection of gypsum should be laid up in a mortar composed of 
not less than one part of gypsum plaster to not more than two 
parts of clean sharp sand by weight. Steel construction may be 
protected by pouring the gypsum around the member in form 
work and to the required thickness All door buck and similar framing should be anchored to the gypsum construc- 
tion in a suitable manner. 


/ 


i 

Fig. 33. — Showing application of Sackett 
soffit ceiling on reinforced concrete construc- 
tion. Note how flanges of steel clips imbedded 
in concrete joists are bent each way holding 
Sackett board in place. 



The following extracts from the A.S.T.M. Standard Specifications (C 52-25) for gypsum 
partition tile or block give an idea of the uses, composition, dimensions, and other qualities of 
this product: 

Gypsum Partition Tile or Block. — Gypsum partition tile or block is a bmlding unit used for non-bearing con- 
struction in the interior of buildings. 

Note. — The words “ tile” and “block” are synonymous and are used so as to be in accord with certain freight- 
association nomenclature. 

TTses. — (a) It is also used as a protection for columns, elevator shafts, etc., against fires. 

(6) Gypsum cored tile, 3 or 4 in. in thickness, may be split and used for furring purposes. 

Composition. — Gypsum tile consists of gypsum with or without an aggregate. 

Form and Size. — Gypsum partition tile shall be rectangular in shape with straight and square edges and true 
surfaces. They may also be of special shape provided the requirements, as otherwise mentioned herein, are met. 
They may be solid or cored and shall preferably be 12 X 30 in. in face dimensions. 

Core Spaces. — (a) The core spaces shall be symmetrically spaced. 

(b) Shell Thickness . — The minimum cross-sectional shell dimensions of gypsum partition tile with circular, 
elliptical, or rectangular core spaces shall conform to the following: 


Thickness of tile or block, inches 

Side or edge circular core 

Shell thickness, inches elliptical or 
rectangular core 

2H 


He 

3 



4 

H 


5 


m 

6 

H 


8 

H 

1 

1 
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In tile or block having circular cores, the sum of the widths of the two side shells plus the width of the center 
vertical web shall be not less than 2 in. in the case of 6-in. tile and not less than 2^-^ in. in the fcase of 8-in. tile. 

In tile or block having elliptical or rectangular cores, the sum of the widths of the tw'o side shells plus the width 
of the center vertical w’eb shall be not less than in. in the case of 6-in. file and not less than 3}i in. in the case 
of 8-in. tile. 

Dimensions. — (a) Gypsum tile may be of any convement length and height, but, in general, they shall not 
exceed 30 in. in length and 12 in. in height The thickness shall be uniform throughout and within the limits 
specified in paragraph (b). 

(b) Thickness . — Gypsum tile or block shall conform to the specified thicknesses with the following permissible 
variations: 



/y//, 


Forms in Place 


hcmgerrod 
for suspencfodl 
ceilings 


Sachet m Place 


Forms Rlemoved 

Fig. 34. 


Sectional dimensions of cored tile shall be taken 1 in. in from the ends of the tile or block, the least measure- 
ment observed being taken as the dimension. 

Shell dimensions shall be measured from the surface of the core space to the normal surface of the tile or block- 
inside the scoring. 

(d) IHmension Tolerances . — A variation of M in. in the nominal 

width and ^ in. in the nominal length of the tile or block is ^ 

(e) Scoring . — The scoring upon gypsum tile or block shall be of ^ * 

such a nature as not to reduce materially the shell thickness. ^ '' I 

Strength. — (a) When tested in accordance with the methods / 

described the compressive strength of gypsum tile or block shall i J / 

be not less than 75 lb. per sq. in. fear the average of five specimens t \ j r*. jj ; ry'' jt / 

(b) When completely satiirated, the compressive strength shall be 

not less than 33 M % of the strength required for such tile or block Metal clip 

when dried to constant weight. 

Absorption. — The rate of absorption of gypsum tile or block shall be not less than 8 cc. nor more than 30 cc. 
for the first minute, nor less than 4 cc. for each of the next 5 subsequent minutes. 

Fire Resistance. — In locations where fire resistance is an essential property, gypsum tile or block shall meet 
the requirements of the Standard Sj^fications for Fire Tests of Materials and Construction (Serial Designation: 
C 19) of the American Society for Testing Materials, as they apply for the construction in which the tile are used. 
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CEMENT 


By Geoege a. Hool 


Cementing materials used in structural work may be di\nded into two main classes — ^non- 
hydraulic and hydraulic. Non-hydraulic cements, as the name implies, will not set and harden 
under water; while hydraulic cements will harden in either water or air. Following is a list 
of the structural cements of commercial importance: 


Non-hydraulic 


Hydraulic 


I Gypsum plasters 
Common lime 
, Hydraulic lime 

j (Grappier cement a by-product) 
j Puzzolan cement 
' Natural cement 
Portland cement 

(Adulterated or modified Portland cement) 
I Quick-hardening (alumina) cement. 


Gj^psum plasters and common lime are treated in preceding chapters. This chapter treats 
of hydraulic cements only. 

91. Hydraulic Lime. — Hydraulic lime is made by burning argillaceous or silicious Limestone 
at a temperature not less than 1000 deg. C. When showered with water the product slakes 
completely or partially without sensibly increasing in volume, and possesses hydraulic properties 
due to the combination of calcium with silica contained in the limestone as an impurity, forming 
calcium silicate. It is the universal practice to slake the lime at the place of manufacture on 
account of the better results obtained. 


Grappier cement is a by-product in the manufacture of hydraulic lime, produced by grinding the lumps of 
underburned and overburned material which do not slake. As might be inferred, grappier cement possesses proper- 
ties similar to those of hydraulic lime. 

Hydraulic lime is not manufactured in the United States on account of the abundance of raw materials suitable 
for the manufacture of Portland cement, with which hydraulic lime cannot compete as a structural material. 
A number of hydraulic limes and grappier cements are marketed as “non-staining cements” — that is, they do not 
stain masonry. For this reason a considerable amount of this cementing material is annually imported from 
Europe for purposes of architectural decoration. 

92. Puzzolan or Slag Cement. — Puzzolan cement is made by incorporating hydrated 
lime with a silicious material, such as granulated blast-furnace slag, of suitable fineness and 
chemical composition. In Europe a natural puzzolanic material, such as volcanic ash, is used 
at some plants in place of the blast-furnace slag. 

Although this type of cement possesses hydraulic properties, it should not be confused with slag Portland 
cement (sometimes called sted Portland cement) which is produced by calcining finely divided slag and lime in a 
IriTn and pulverising the resulting clinker. 

Puzzolan cement is not strong or reliable as either natural or Portland cement and should be used only in 
unimportant structures or in unexposed work, such as foundations, where weight and bulk are more important 
than strength. 

93. Natural Cement. — Natural cement, as its name implies, is made from rock as it occurs 
in nature. This rock is an argillaceous (clayey) limestone, or other suitable natural rock, and 
it is burned at a temperature of from 900 to 1300 deg. C., the clinker being then finely pulver- 
ized. The product does not slake, but possesses strong hydraulic properties, calcium silicate 
being formed and acquiring strength and rigidity through crystallization. 

Natural cement is adapted to many uses, but its relatively low strength and slow hardening limit its field to 
structures where high stresses will not be imposed for several months after placing the concrete, as in large or 
massive structures where weight and mass are more essential than early strength — that is, in such structures as 
dams, abutments, foundations, and many underground structures. Mortar made with natural cement (either alone 
or mixed with lime mortar) is excellent for laying ordinary brick and stone masonry. 

94. Portlaad Cement — Portland cement is made by finely pulverizing the clinker produced 
by burning a definite artificial mixture of silicious (containing silica), argillaceous (containing 
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alumina), and calcareous (containing lime) materials to a point somewhat beyond where they 
])egin to fuse or melt. The product is one that does not slake and possesses strong hydraulic 
properties. The essential components of Portland cement — namely: silica, alumina, and lime — 
are obtained from many different sources, but the proportions used of the raw materials are 
always such that the chemical composition of the different Portland cements is constant within 
narrow hmits. The percentages of the principal components range about as follows: 


Si02 

A1,03 

Fe-Oa 

1 CaO 

MgO 

% 

9c 

C* 

Tc 

rc 

19 to 25 

5 to 9 1 

2 to 4 

60 to G4 

1.0 to 2.5 


(Small amounts of alkalies (K 2 O and Xa 20 ) and sulphur trioxide (SO 3 ) are also present. Mag- 
nesia (MgO) is considered by some as an impurity, while other investigators claim it is equiva- 
lent to lime (CaO) in its action. Alumina (AI 2 O 3 ) and iron oxide (FeoOs) do not act entirely 
alike but are usually considered to have the same functions.) The specific gra\uty of Portland 
cements range from 3.1 to 3.20, with an average of 3.15. 

Portland cement is by far the most important cementing material used in modern engineering construction. 
It is adapted for use in concrete and mortar for all types of structures where strength is of special importance, or in 
structures exposed to wear or to the elements. It should invariably be employed in reinforced-conerete construc- 
tion because of its high early strength and generally uniform quality. 

A number of special cements emplo 3 dng Portland cement as a base are made by grinding in adulterating 
materials after calcination. These adulterants include clay, slaked lime, sand, slag, natural cement, limestones, and 
natural puzzolanic material or tufa. The action of these materials is essentially to promote combination between 
lime from the cement and silica from the adulterant, with formation of silicate of lime. In some cases these silicious 
adulterants improve the quality of concrete made from such cements, but this result cannot be expected from all 
f jrms of adulteration. 

Sand and puzzolanic materials have, perhaps, been used the most extensively and successfully of any of the 
adulterants, producing products known as sand cement and tufa cement respectively. These cements have been 
used principally on large work where freight rates are high and long wagon hauls combine to make the cost of 
undiluted Portland cement excessive. Cement specifications in common use are of a character to exclude any grind- 
ing in of materials after calcination, presumably on the ground that specifications permitting any adulteration 
would be subject to abuse so that the results obtained would be uncertain. 

95. Setting and Hardening of Portland Cement.^* — The setting and hardening of Portland 
cement is caused principally by hydration in the order named of the three major constituents — 
3 Ca 0 *Al 203 * 3 Ca 0 -Si 02 , and 2 Ca 0 -Si 02 . When water is added to Portland cement, these 
constituents form first amorphous and later both crystalline and amorphous hydrated materials 
which act much as does ordinary glue, except that since they are of mineral origin and largely 
insoluble, hardening progresses even under water. 

Of these hydration products, the compound tri-calcium aluminate (SCaO'AlaOs) when mixed with water sets 
and hardens very quickly; tri-calcium silicate (SCaO-SiOit) sets and hardens somewhat less rapidly; and di-calcium 
silicate (2Ca0-Si02) reacts slowly. Hardening occurs only after the lapse of a long period of time. The initial 
set of cement is due undoubtedly to the hydration of SCaO-AlsOs; the early hardness and cohesive strength is due 
to this hydration and to that of the 3CaO*SiOs; while the gradual increase in strength is due to the further hydration 
of these two compounds together with the hydration of the 2Ca0-Si02. 

The compound SCaO-SiOs appears to be the best cement constituent of this group, as it is the only one of 
the three which when mixed with water will set and harden within a reasonable time to form a mass which is com- 
parable in hardness and strength to Portland cement. Although SCaO-AlsOa acts and hardens rapidly, it is rather 
soluble in water and is not particularly durable or strong. The compound 2CaO*SiO*, however, requires too long a 
time to harden to be in itself a valuable cement material. 

96. Testing of Portland Cement — For standard methods of cement testing, see A.S.T.M. 
standards adopted in 1926. 

96a. Sampling. — Tests should be conducted only on representative samples. 
For methods of sampling, see A.S.T.M. standards adopted in 1926. 

^ See Kubin and Phillips; Tech. Paper, 43, U- S. Bureau of Standards. 

Bates and Klein: Tech Paper, 78, U. S. Bureau of Standards. 
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9$6. XTnifonnity in Cement Testing. — In order to obtain results in cement testing 
which will be of the greatest value, definite and uniform methods should be used. Eesults 
depend not only on the quality of the cement but also on the temperature and percentage of 
water used in mixing, the method of mixing and molding test specimens, the temperature and 
humidity of the air, the character of the sand used, and the type of apparatus employed. 

96c. The Personal Factor. — The personal factor has considerable effect on results 
obtained in cement testing and, on this account, only experienced, well-qualified men should be 
employed in making tests. Results by untrained or careless operators are really worse than 
nothing and be positively misleading. The comparative results, however, b> any one 
experienced obser\^er are generally consistent and are of value. It is usually advisable to have 
the testing done at some well-established and properly equipped cement-testing laboratory. 

9Sd. Kinds of Tests. — The following cement tests made regularly are recom- 
mended for construction work of importance and also in all cases where the cement to be used 
does not work satisfactorily: 

Fineness. 

Time of setting. 

Tensile strength of standard mortar. (Compressive strength of standard mortar the best 
criterion.) 

Soundness. 

On unimportant construction it is generally safe to use a well-known brand of Portland cement 
without testing, or to make simply the test for soundness. 

96e. Fineness. — Fine grinding has a great influence on the properties of cement. 

■ It increases the ability of the cement to react readily with water and enables the cement particles 
to coat the sand grains more thoroughly. In other words, the finer the cement, all other condi- 
tions being the same, the stronger will be the mortar produced with a given sand. Not less 
than 78% passing a 2CX)-mesh sieve should be adequate for most commercial work. 

The fineness of cement is measured by determining the percentage by weight which will be retained on a 
standard 200-inesh sieve. Standard specifications^ require that the residue shall not exceed 22 %. Most mills are 
now equipped to grind cement to such a fineness that even less than 10 % is retained. 

96/, Normal Consistency. — Tests for setting, strength, and soundness are greatly 
influenced by the quantity of water used in mixing. In order to have all results comparable 
with one another, a determination is made in each case of the quantity of water necessary to be 
added to a given weight of cement to give a standard or normal consistency (see Rtoc. A.S.T.M., 
1917). 

96g. Time of Setting.— The time of setting of a cement may vary within wide 
limits and is no certain criterion of quality, but it is important in that it indicates whether or not 
the cement can be used advantageously in ordinary construction. A cement may set so quickly 
that it is worthless for use as a building material (since handling cement after it commences to 
set weakens it and causes it to disintegrate), or it may set so slowly that it will greatly delay the 
progress of the work. 

Aoe of cement has a great effect upon the setting time, and tests should preferably be made after delivery of 
the cement on the work. Most cements absorb moisture from the air and lose some of their hydraulic property 

on storage. ^ j j i- u i 

Aside from the consideration of age, the conditions which accelerate setting are: finely ground and lightly 
burned material; dry atmosphere; small amount of water used in gaging; and high temperature of both water and 
air. Since the time of set is influenced by so many factors, testa should always be made with extreme care under 
standardized conditions. 

There are two distinct stages in setting: (1) f^he initial set; and (2) the hard or final set. The best cements 
should be slow in taking the initial set but after that should harden rapidly. Portland cement should acquire the 
initial set in not less than 45 min. when the Vicat needle is used or 60 min. when the Gillmore needle is used, and 
hard set in not more than 10 hours.i The time of initial set is controlled largely by the amount of sulphate (gyp- 
sum or plaster of Paris) which is added in making the cement. 

A cement has taken its initial set when it will not thoroughly reunite along the surfaces of a break. It has 
taken its final set when it begins to have appreciable strength and hardness. 

5 See standard specifications in Appendix B, 
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96A. Tensile Strength. — The object of testing cement in tension is to obtain some 
measure of the strength of the material in actual construction. In other words, tests of tensile 
strength are made primarily to determine whether the cement will be likely to have a continued 
and uniform hardening in the work, and whether it wiU have such strength when placed in 
mortar or concrete that it can be depended upon to withstand the strain placed upon it. 


The small shapes made for testing are called briquettes and have a minimum cross-sectional area of 1 sq. m. 
— that is, at the place where they will break when tested. Standard mortar used in testing is composed of 1 part 
cement to 3 parts of standard sand from Ottawa, 111. 

It is customary to store the briquettes, immediately after making, in a damp atmosphere for 24 hours. They 
are then immersed in w-ater until they are tested. This is done to secure uniformity of setting, and to prevent the 
drying out too quickly of the cement, thereby preventing shrinkage cracks which greatly reduce the strength 
Specifications for tensile strength of cement usually stipulate that the material must pass a minimum strength 
requirement at 7 and 28 days. This is required in order to determine the gain in strength between different dates 
of testing so that some idea may be obtained of the ultimate strength which the cement will attain. A first-class 
cement, when tested, should give the values for tensile strength stated in the standard specifications. (For stand- 
ard methods of tests, see A.S.T.M., 1926.) 

96f. Relation between Tensile and Compressive Strength. — Since cements are 
rarely depended upon to withstand tensile stresses, the test for tensile strength has undoubtedly 
become standard on accoimt of the popular belief that there exists a more or less definite and 
constant relation between the tensile and compressive strengths. It can be shown, however^ 
that the ratio of compressive to tensile strength of cement mixtures is by no means constant 
at all ages and varies greatly with different cements and with different mixtures. Thus the 
tensile strength cannot usually be regarded as any more than a very approximate indication 
of the probable compressive strength of the same cement, 

96y. Compressive Strength. — Compressive strength of cement mortar is undoubt- 
edly & better criterion by which to judge the suitability of a cement for use in construction . 
The American Society for Testing Materials has tentative specifications and methods of tests 
for compressive strength of Portland cement mortar^ which, when, adopted as standard by the 
Society, will be inserted in and made a part of the American Specifications and Methods of 
Tests for Portland Cement. 

96A:. Soundness. — A cement to be of value must be perfectly sound; that is, it 
must remain constant in volume and not swell, disintegrate, or crumble. Excess of either 
lime, magnesia, or sulphates may cause unsoundness. The usual method of testing is to form 
a small pat of neat cement about 3 in. in diameter, in. thick at the center, and tapering to a 
thin edge. This pat should remain 24 hours in moist air and 5 hours in an atmosphere of 
steam at a temperature between 98 and 100 deg. C. upon a suitable support 1 in. above boiling 
water. To pass the soundness test satisfactorily, the pat should remain firm and hard, and 
show no signs of cracking, distortion, checking or disintegration. The steam test is what is 
called an accelerated test and is for the purpose of developing in a short time (5 hours) those 
qualities which tend to destroy the strength and durability of a cement. 

9^. Specific Gravity. — A test for finding the specific gravity of Portland cement 
was originally considered to be of value in detecting adulteration and underbuming, but is no 
longer thought to be of much importance in view of the fact that other tests lead to more definite 
conclusions. One trouble has been that specific gravity is not alone lowered by the above 
causes. Seasoning of either cement or cement clinker, for instance, although known to be 
desirable and in some cases absolutely necessary, lowers the specific gravity materially. On the 
other hand, many underbumed cements show a specific gravity much higher than that set by 
standard specifications. These considerations, together with the fact that the principal 
adulterants have a specific gravity very near that of Portland cement, make it difiScult in the 
specific gravity test to obtain results from which accurate conclusions can be drawn. The test 
for specific gravity is not included in the present (192fi) A.S.T.M. Standards. 

96m. Chemical Analysis. — If the tests of a cement for time of setting, strength, 
and soundness seem to indicate adulteration, resort may be had to chemical analysis. Such 
^ See Proc. of tke Society, Vol. XX (1920), Part I, p, 599. 
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analysis is not usually made in routine commercial testing. Chemical analysis not only serves 
as a valuable means of detecting adulteration but also shows the amounts of magnesia (MgO; 
and sulphuric anhydride (SO3) contained in the cement. Specifications usually limit the amount 
of MgO to about *^ 0 % and SO3 to about 2% because of fear that more of these materials may 
make the cement unsound. 

97. Specifications for Portland Cement. — Standard specifications are given in Appendix B. 

98. Containers for Cement.' — Cement may be obtained in cloth or paper bags, in bulk, and 
in barrels. 

Cloth bags are the containers most generally used since manufacturers will refund the 
extra charge for the bags when returned in good condition. The consumer, however, must 
prepay the freight when returning the empty bags to the mill. The cloth bag will stand trans- 
portation, and its size and shape make it convenient to handle. If properly cared for, it may 
be used over and over again. Paper bags are more delicate and have no return value. Wooden 
barrels are ad\nsable "when the work is in a damp location, as in marine construction. Bulk 
cement requires special preparations for handling and storage. 

99. Storing of Cement. — Cement either in containers or in bulk should be stored within 
a tight, weather-proof building which will protect the cement from dampness, at least 8 in, 
away from the ground and an equal distance from any wall, so that free circulation of air may 
be obtained. In case the floor of a storage building is laid directly above the ground, it would 
be well to give the cement an additional 8-in. elevation by means of a false floor, so as to insure 
ventilation underneath. The cement should further be stored in such a manner as to permit 
easy access for proper inspection and identification or removal of each shipment. WTien 
cement is not mill tested, a proper period before cement is needed should be allowed by the 
contractor for inspection and tests, this period being determined by the provisions of the 
specifications governing his contract. 

Where cement in bags is stored in high piles for long periods, there is often a slight tendency in the lower 
layers to harden, caused by the pressure above; this is known as warehouse set. Cement in this condition is in 
every way fit for service and can be reconditioned by letting each sack drop on a solid surface before using the 
cement contained. 

100. Seasoning of Cement. — A moderate amount of seasoning in weather-tight sheds often 
improves the quality of the cement. Fresh cement contains small amounts of free or loosely 
combined lime which does not slake freely and causes expansion after the mass has set, endanger- 
ing the structure in which it is used. During the time of seasoning such free lime is changed 
first to hydrate and then to carbonate of lime which does not swell on wetting. Usually cement 
is seasoned at the mills before shipping, but, with the best mills, the stock house may run so low 
in periods of rush that a chance will be taken on fresh material. Well-seasoned cement, there- 
fore, may be lumpy, but the lumps are easily broken up. If, however, the cement has been 
subjected to excessive dampness, or has been wet, lumps will be formed which are hard and 
diflScult to crush. A distinction should be made, so that the latter will not be used without 
sifting and rejection of hardened portions. 

101. Quick-hardening (Alumina) Cement. — These cements have a high alumina content 
and are made from a fused mixture of limestone and bauxite (an aluminum ore). At present, 
the cost of alumina cement is more than that of Portland cement, and, consequently, the alum- 
ina cement is used in new construction and repair work where the saving in time justifies the 
added cost. 

Concrete, made with a quick-hardening cement, secures '‘initial” set in about the same 
time as a Portland cement concrete and then hardens and gains strength much more rapidly. 
The 1-day compressive strength of a quick-hardening cement concrete is approximately equal 
to the 28-day compressive strength of a Portland cement concrete of similar proportions. The 
28-day compressive strength of a quick-hardening cement concrete is approximately 30 % more 
than its 1-day strength. The quick hardening is accompanied by a considerable development 
of heat, and, consequently, the concrete should be kept well sprinkled to prevent it from drying 
out too rapidly. This heat development is an advantage in cold-weather construction. 



Sec. 7-102] 


BUILDIXG MATERIALS 


997 


102. Weight of Cement. — A barrel of Portland cement weighs 376 lb., not including the 
barrel, and a bag of Portland cement weighs 94 lb.; in other words, there are four bags to a 
barrel. 

A barrel of natural cement vanes m weight according to the locality in which it is manufactured A barrel 
of Western cement usually weighs 265 lb.; and a barrel of Eastern cement, 300 lb A bag of natural cement is 
usually one-third of a barrel. 

A barrel of pujzzolan cement is usually assumed to contain 330 lb. net, and there are four bags to the barrel. 

A cement barrel weighs about 20 lb, on an average. 


CONCRETE AGGREGATES AND WATER 
By Xathax C. Johnson 

/ 103. Definitions. — “Aggregates’" is a general classifying term applied to those inert (f.e., 
chemically inactive) materials, both fine and coarse, which, when bound together by cement, 
form the substance known as concrete. Fine aggregates are materials such as natural sand or 
rock screenings. Coarse, or large aggregates, or ballast are materials such as natural gravel, 
crushed rock, or by-product materials such as cinders or crushed blast-furnace slag. 

104. General Requirements. — Aggregates, fine and coarse, compose approximately 90% 
or more of the substance of concrete. From this it follows that the properties of aggregates 
must correspond and be at least equal to the properties desired in the concrete. 

The usual service requirements are that aggregates shall be dense, hard, durable, structur- 
ally strong and, for aggregates in concretes exposed to water action, insoluble. Further, since 
concrete is formed by bonding of aggregates with cement, they must permit by their physical 
characteristics (such as roughness) the adhesion of cement; and always all particles must be 
clean, so that a surface coat of one kind or another may not prevent physical contact with 
cement, or destroy its properties through chemical action. 

106. Classification of Aggregates. — The usual classification of aggregates is into two divi- 
sions, based upon size. 

Coarse aggregates are all particles of gravel, crushed stone, or other materials above in. 
diameter. 

Fine aggregates are all particles below in. in size. Particles of such size are further 
divided by defining “sand’’ as all mineral particles from 2 to 0.5 mm. in diameter; “silt,” 
all particles from 0.5 to 0.005 mm. in diameter; “clay,” all particles having a diameter less 
than 0.005 mm; and “loam” as a mixture of any of the above finer varieties with organic 
matter — i.e.j of vegetable or animal origin. It is particxilarly such organic matter rather than 
size of particle which renders loam unfit for concrete work, as through some chemical action 
not yet fully understood, possibly through formation of an organic acid, it injures or inhibits 
the proper action of cement. 

106. Qualities of Fine Aggregates — General. — When it is remembered that the finer 
natural materials are derived from rocks by disintegration and by “weathering,” or breaking 
down through frost action, water and wind erosion, or kindred agencies, the differences in 
quality so often found in sand deposits^ with possibly the presence of foreign materials, are not 
surprising. Further, sands necessarily partake of the qualities of the rock from which they 
are derived. Silicious quartz sands are best for concrete work, but crushed sands from any 
durable rock will answer, if natural sand of proper quality cannot be obtained. 

107. Qualities of Coarse Aggregates — General. — For coarse aggregates, any crushed rock 
of durable character, or any clean, hard, natural gravel not subject to ready disintegration may 
properly be used. In general, the better the stone or gravel, the better the resulting concrete. 
For this reason, granite, trap, or hard limestone are preferred for large aggregates, but any rock 
will serve which is sound, which has adequate strength and does not contain objectionable 
mineral inclusions liable to decompose, such as iron pyrites, FeSa, which may form sulphuric 
acid by oxidation. 
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Since the properties of any concrete are so closely related to the properties of its components, it is essential 
to an understanding of the value of any stone as an aggregate that something be knovm of the origin, nature, and 
properties of the varieties in common use. 

108. Materials Suitable for Coarse Aggregates. — Roughly^ rocks suitable for use as aggre- 
gate fall into three groups. These are: (1) granite and other igneous rocks; (2) sandstones 
and other sedimentary rocks; (3) limestones and related rocks. A fourth division comprises 
slates and shales, but as these weather rapidly with formation of clay, they are xmsuited for 
use in concrete. 

The physical character of a rock depends upon two things — its mineral constituents and its structure. If the 
mineral constituents are themselves durable, but massed together in a manner structurally weak, rapid weathering, 
with formation of sand through liberation of mineral grains, is to be expected. Such a rock w'ould make a poor 
concrete. On the other hand, a dense structure with like mineral constituents would make an excellent aggregate. 
A dense structure and weak mineral constituents are sometimes associated, but Nature has generally cared for such 
rocks by bringing about their decomposition, so that they exist only as sand. 

109. Igneous Rocks. — Igneous rock is a general term descriptive of all rocks formed from 
molten matter which has consolidated either into mineral, or glass, or both. Among such 
rocks are granite and trap rock. 

109a. Granite. — Granite is well known by its characteristic appearance. In 
structure, it is a blend of quartz (crystallized silica dioxide), orthoclase, and mica, though this 
latter may be replaced by hornblende. It is exceedingly dense, hard and durable, consisting 
entirely of minerals with no glass or uncrystallized material between its constituent grains. 

Granites possess the strength and durability desirable in an aggregate, but they are of low toughness. In 
addition, if used in concretes exposed to more than ordinary heat, as in chimneys, there is a decided tendency 
to disintegrate, due to unequal mineral grain expansions. Granites are not often used as aggregate, their ornamen- 
tal value precluding less profitable use. 

1096. Trap Rock or Diabase. — Trap rock and fine-grained basic and volcanic 
rocks are generally hard, of high abrasive value adhering well to cement. These rocks have a 
closely interlaced mineral structure and generally good resistance to stress. Care should be 
taken not to choose a trap rock having a considerable percentage of iron present in low oxide 
f orm, as this may absorb oxygen, forming a higher oxide, with expansion and probably rupture. 

In general, trap rock (and rock of similar character, in which class are included many of the “green-stones") 
makes a very excellent aggregate although in some respects its excellence has been exaggerated. It has, however 
a very high compressive strength and, as this quality is very desirable in concretes, its use has become widespread 
It is not always procurable without excessive cost but, where price is not prohibitive, its use is advantageous. 

110. Sedimentary Rocks. — To the sedimentary series of rocks belong all those solidified 
deposits which have accumulated at the bottom of bodies of water. Originally, these materials 
were derived from the land surface and transported to the sea or lakes, either by mechanical 
carriage, or by solution in water. Many of the minerals contained in sedimentary rocks were 
derived directly from the decay of igneous or volcanic rocks, although additional chemical 
changes supplementing this more or less complete decomposition of the original minerals may 
have resulted in the formation of new minerals found in the sedimentary series. With passage 
of time and the action of various chemical and mechanical agencies, these sedimentary deposits 
solidified into the stratified rocks of one kind or another found throughout the entire surface of 
the earth. 

110a. Sandstone. — One of the most important of the sedimentary rocks is ‘ 
sandstone. In structure, it is natural concrete, composed of finely divided mineral particles, 
cemented together in more or less close relation by iron or alumina or by calcium compounds. 
The character of any sandstone depends, therefore, on the mineral character of its component 
grains; on the size and shape .of these grains; on their arrangement within the rock; and on 
the nature of the material cementing them together. 

Quart* particles form by far the greatest percentage and the most desirable constituent of sandstone. Feld- 
spar is also frequently present, and occasionally, hornblende, chlorite, garnet, magnetite, and calcite. In the 
best sandstones, the grains are arranged uniformly through the mass, although frequently coarser and finer particles 
are arranged in layers, giving a stratified appearance to the stone. 
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So far as its use in concrete is concerned, the most important feature of a sandstone is the nature of the cement- 
ing material combining its constituent grains. ArgiUaceom sandstones in which the cementing material is lime 
fusually lime carbonate) may be crushed with comparative ease, but they disintegrate rapidly on exposure to 
weathering agents, such as w’ater or air. Such stone may be readily identified by its effervescence when treated 
with a drop of hydrochloric acid. Sandstones cemented by oxide of iron axe generally red in color, the shade being 
a rough indication of the amount of iron present. Many of these sandstones disintegrate very rapidly on exposure 
to the weather, forming the so-called “rotten stones’* so often found in gravel. 

Sandstones cemented solely by clay should never be used in concrete, as the simple penetration of moisture is 
sufficient to disintegrate them, rendering them practically valueless as aggregate. A good accelerated test is to 
boil 3 ': 4 “in. fragments of the stone in water. Rapid disintegration indicates a weak stone, with a tendency to 
weather rapidly, and unsuited for use as aggregate. 

1106. Limestone. — Limestone is carbonate of lime deposited on the floors of 
bodies of water and subsequently hardened into rock. This precipitation of lime may have 
been effected from the water, or through the agency of animal or vegetable life. This is to say, 
some limestones are chemical precipitates, while others are formed from the shells and other 
hard parts of animals, as well as from hardened tissues of certain plants. Such plant and 
animal forms fossilized are often seen in limestone fragments. 

Compact limestone varies in texture from coarse to exceedingly fine. It is only occasionally pme carbonate 
of Hme, usually containing greater or less percentages of magnesia. Either magnesia, limestone, or pure calcic 
limestone is very well suited for use as a concrete aggregate. Any considerable percentage of clay in limestone, 
however, is very undesirable, as it softens the rock and renders it very liable to disintegration. Limestone is 
found in many colors. White, gray, yellow, blue, and green are those of most frequent occurrence. 

In general, limestone makes a very good coarse aggregate for concrete. When crushed to the finer sizes, it 
has a flaky fracture which renders it somewhat unsuitable for use as sand unless it is rerolled. Natural limestone 
sands are of infrequent occurrence, as limestone is soluble to as high a percentage as 90 %, so that the usual weather- 
ing processes result in solution, rather than fragmentary disintegration. 

111. Metamorpliic Rocks. — Rocks of either igneous or sedimentary origin have often been 
subjected to such severe treatment in the long course of geologic history, that their ordinary 
character is much altered. Crushing of the earth's crust, the weight of overlying material, 
and contact with hot molten rock from the interior are among the causes contributing to the 
change. Such rocks are classed as '‘metamorphic." 

There are many metamorphic rocks, the whole group constituting a very high percentage of the surface of the 
earth’s crust. Some of them are of value as aggregates in concrete; while others notably the slates and shales, have 
a weak stratified structure and weather so rapidly that their value in concrete is almost nothing. 

112. Gravel. — Gravel of good quality makes excellent concrete (see TecK Paper 58, 
Bureau of Standards, Washington, D. C.). Gravel is nothing more nor less than natural rock, 
broken away from parent ledges and worn round by the rolling of streams. Its natural proper- 
ties, therefore, are identical with the rock of which it once formed a part. Provided it has 
not decayed through being in relatively small masses, the properties natural to this parent 
rock are to be expected of a gravel. The surface of gravel is usually very rough; and from con- 
siderations of character of surface presented for adhesion of cement, it should produce as good 
as, and even better, concrete than crushed stone. Certainly, there is no reason against its use, 
provided it is ^lean and of good mineral quality. 

113. Blast-furnace Slag. — Slag from blast furnaces, crushed to proper size, has much to 
recommend it for mass construction. Slag is a fairly hard though very porous material, of 
fairly high compressive strength; and in certain localities is relatively cheap as compared to 
stone of good qualities. Offering a rough, pitted surface for the adhesion of cement, it produces 
a very strong concrete when of proper quality. 

114. Cinders. — ^Furnace cinders as an aggregate are used only in inferior grades of mass 
concrete, or for fireproofing. Cinders have low structural strength, high porosity, and often- 
times as an added objection, high sulphur content. In more than one instance, sulphuric acid 
resulting from sulphur decomposition in cinder concrete floors has eaten away conduits and 
piping, and has even attacked reinforcing and structural steel. Cinder concrete is of value 
chiefly because of its cheapness and low specific gravity, but discrimination is required in its 
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116. Materials Suitable for Fine Aggregates. — AJl fine aggregates are essentially rock 
fragments, crnsiied to varying degrees of fineness, either by the natural processes of weathering, 
disintegration, or glacial action, or by man with his machines. Sand deposits are masses of 
weathered rock minerals, transported, collected, and sorted by the age-long action of streams. 

From the earliest ages the formation of sand, silt, and clay has been going on through the 
breaking down of rocks. The changes involved in these processes are part physical and part 
chemical. All changes produced at or near the surface by atmospheric agents, which result 
in more or less complete disintegration and decomposition, are classed under the general term 
of ‘^weathering.’’ The action of physical agents alone, which results in the rock breaking down 
into smaller particles without destroying its identity, is termed “disintegration.” On the 
other hand, the action of chemical agents destroys the identity of many of the minerals by the 
formation of new compounds, and this latter process is known as “decomposition.” Silt 
and clay generally result from decomposition; and, as such chemical change has altered the 
character of the material (usually to its detriment so far as concrete purposes are concerned), 
that is one reason, but not the only reason, against permitting their presence in concrete sand. 

Because of its hardness and resistance to chemical agents, quartz or silica is, therefore, the 
commonest mineral in sand. Other minerals such as feldspar, mica, etc., though originally 
present, because of their lesser resistance, have been more readily decomposed by the action 
of the elements; and by reason of their complete disintegration with resultant fine state of sub- 
division, have been removed by wind and water. Quartz crystals, therefore, remain as the 
most evident survivors of the parent rock and their survival is evidence of their desirable 
qualities for concrete. 

116a. Cnished Stone and Screenings. — Crushed stone screenings, when free 
from clay, usually make excellent sand. These screenings ordinarily give a stronger mortar 
than natural sand but are likely to contain an undue amount of dust, especially when obtained 
from soft stone, and should be screened and washed to get rid of the finest particles before being 
used in mortar or concrete. 

Crushed limestone makes a concrete of excellent early strength, provided the cnishings are reroUed, as lime- 
stone breaks with a flat, scaly fracture, giving particles that are structually weak and that are very hard to com- 
pact in the manner necessary to give an impervious concrete. For work exposed to water this point is of great 
importance- 

1166. Sea Sand. — Sea sand is usually well suited for use as fine aggregate for 
concrete, so far as structure, mineral composition, and cleanness are concerned. It is, however, 
usually of such fineness that its use is inadvisable if undiluted by coarser particles. Saline 
deposits on the grains, when derived from pure sea water, should not be of a nature detrimental 
to concrete. It is -unwise to take such sands close to tide limits, as the newer sands close to 
water teem with minute organic life. 

116. Requirements of Fine Aggregate as to Shape and Size of Particles. — It is exceedingly 
difficult in choosing a fine aggregate for concrete work to balance all considerations. Time is a 
factor of utmost importance in all construction operations. Therefore, where delays would be 
entailed by the selection of one sand, the qualities of which are superior to those of another sand 
that is more readily obtained, it is more than probable that considerations of superior quality 
will have little weight. It is unfortimately true that regardless of all that has become known in 
regard to the importance of sands, their quality will be generally disregarded in favor of cheap- 
ness or convenience until engineers and owners demand and insist upon concretes of proper 
quality and refuse payment for those not coming up to the desired standard. 

Usual specifications for concrete sands permit of little discrimination on the part of the 
supervising engineer, however conscientious he may be. Provision that the sand shall be 
^'clean, sharp, and coarse” means nothing, as no standards are defined as comparisons and the 
determination is left solely to the judgment of individuals oftentimes quite incompetent and 
unskilled. 

Sharpness as a quality requirement for sand is archaic. It has little or no definite meaning; and rarely are 
two individuals agreed as to how sharpness should be determined. If it were but remembered that all natural 
sands are water borne and water worn, with inevitable rounding of grains, the fallacy of “sharpness,” whatever 
its interpretation, as a standard of quality in natural sands, would be evident. 
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Cleanness m sands is most important, for reasons before given. Not all dirt or coatings on sand are detectable, 
short of laboratory procedures; and unfortunately, much sand is judged as to cleanliness by rubbing in a hand 
that itself is usually none too clean, the fitness of the sand being judged by the deposit it leaves behind. Judging 
a sand in this way without supplemental tests betokens ignorance, or carelessness, or both. Cleanness is a desir- 
able quality, but it should be judged by adequate tests, not by such haphazard methods as the foregoing 

Coarseness in sands, as opposed to excessive fineness, is a desirable quality, but coarseness alone, especially if 
judged without standards, is no criterion of fitness for use in concrete. Coarse sands have less surface area than 
have fine sands for a given unit volume, thus requiring less cement and being more readily coated. Such a require- 
ment, if properly judged, is therefore advantageous. 

117. Organic Cont amin ation of Sand. — Colloidal or other organic coatings on sand are 
not difficult of detection before use. A good test method for this purpose, now known as the 
Abrams-Harder test, has been developed at Lewis Institute under the auspices of the Associa- 
tion of American Portland Cement Manufacturers. Briefly, it is carried out by digesting a 
sample of sand in a 2 % solution of caustic soda. The resulting color of the fluid is an approxi- 
mate indication of the quantity presence of organic matter in any sand. Color plates and direc- 
tions for this test may be obtained on application to the Portland Cement Association at its 
several offices. 

118. Tests for Quality of Sands. — Safe and advantageous procedure in choosing sand for 
concrete is: 

1. Determine its cleanness by shaking a sample with water in a bottle; and also by the 

color test for organic impurities. * 

2. Determine its average granulometric analysis, giving preference to coarse rather than 
to fine sand. 

3. For the sand and stone chosen, approximate proportions for the mix such as will give 
a dense mixture. (This is not always permitted under the specifications governing the work.) 

4. Check these proportions (or the specific proportions), as well as the quality of materials, 
by strength or other tests on actual samples of concrete. 

5. Check all shipments of sand with regard to cleanness, as in paragraph 1. 

119. Requirements of Coarse Aggregate as to Shape and Size of Particles. — Since stone 
is one of the strongest, if not the strongest constituent of concrete, the greater the percentage of 
stone in any unit volume {i.e,, the nearer concrete actually approaches natural stone in strength 
and density) the stronger is the concrete. It follows, then, other things being equal, that the 
larger the quantity of stone, the stronger will be the concrete, since each piece of stone has 
greater mass density than would its components unless compacted and united by Nature's 
unapproachable processes. 

There are, however, certain liroitations as to size of stone imposed by certain classes of work, tn reinforced 
work, the plastic concrete must fit itself closely around the reinforcing metal, so that 1 to in. is the greatest 
diameter of particle that experience demonstrates is advisable to use. 

Concrete of this character obviously requires more cement than would concrete using larger stone, since the 
stone surface to be coated is greater. In mass work, on the other hand, crushed stone of 234 to 3 in. diameter may 
be advantageously employed, with less cement. For these reasons, if for no others, richer mixtures are specified 
in reinforced work and leaner mixtures in mass work. It should he borne in mind, however, that size of stone is 
not alone the determining factor in this regard, but that grading of stone and size and grading of sand is of even more 
importance as influencing the quantity of cement required, with a corresponding effect on the quality of concrete. 

Plums are large stone, 5 in. or more in least diameter, thrown into plastic mass concrete, largely with the 
object of using them as cheap space-fillers. Their use is also to be recommended for the reasons before given, pro- 
vided that the plums themselves are of the proper quality of stone and that they are not of such size as to cut 
through the concrete section. A safe rule to follow in the use of plums is that they shall be of a maximum size such 
that not less than 6 in. of concrete shall intervene between them and the forms at any point. In using very large 
plums, this thickness of interveing concrete should be materially increased. 

The shape of particle of large aggregates is of relatively little importance. Cleanliness, grading, and char- 
acter of rock have far greater influence on the concrete than has angularity or roundness of particle. 

120. Impurities in Aggregates. — In order that cement may adhere to sand grains and to 
particles of coarse aggregate, each grain or particle must bear no coating such as would prevent 
either proper chemical action between cement and water, or a proper bond between cement and 
aggregates. 

Clay and silt are impurities of most frequent occurrence in sand and gravel. Each of these impurities cause 
injury to mortar or concrete not only when it exists as a coating on the sand or gravel particles, but is equally unde- 
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sirable when it occurs in such amounts, or so unequally distributed, that its extremely fine grains “ball up” and 
stick together when wetted, so as to remain in lumps in the finished mortar or concrete. If, however, the particles 
of these impurities are distributed so that they do not bind together on the addition of water; and if they are not 
contaminated by organic matter, experiments have shown that with sand that is not too fine, no serious harm 
results in lean mortars and concretes from their presence to the extent of from 10 to 15 In fact, either clay or 
silt are often found beneficial as they increase the density by filling some of the voids, thus increasing the strength 
and water-tightness besides making the mortar or concrete work smoothly. In rich mortars and concretes the 
density and consequently the strength is lowered by even slight additions of clay or silt as the cement furnishes 
all the fine material that is required. 

A coating of organic matter^ such as loam on sand grains, appears not only to physically prevent the cement from 
adhering but also to affect it chemically. In some cases a quantity of organic matter so small that it cannot be 
detected by the eye and is only slightly disclosed by chemical tests has prevented the mortar or concrete from reach- 
ing any appreciable strength. Tannic acid, colloidal sewage, manure, sugar, tobacco juice are instances of organic 
contamination destructive to concrete. All organic contaminations are detectable by the Abrams-Harder test 
before referred to. 

Mica in sand or stone is objectionable because of its low mechanical strength and its laminated scaly structure 
Even a small amount of the impurity in sand may seriously reduce the strength of a mortar or concrete. IMica 
is especially injurious in sands for concrete surface work as the scaly flakes cause the surface to dust and peel. 
Mica above 1 % is objectionable. It is detectable visually, but there is no exact method in use to determine its 
percentage presence. 

Mica schist is totally unfit for use as large aggregate, both because of the foregoing reasons and also because of 
its rapid decomposition on exposure to air. The presence and character of this is detectable by observation. 

Iron pyrites ot fool's gold — a bright, yellow substance with metallic luster — ^is chemically iron sulphide (FezS). 
This is a very common impurity in. stone; and its undesirability lies in its ready oxidation in the presence of water 
with formation of sulphuric acid (H 2 SO 4 ), which latter readily attacks the cement of concrete witn disasterous 
consequences. 

Some sand deposits also contain unoxidized iron sulphide, though such deposits are an exception. 

Finely powdered dust present in crushed stone screenings causes approximately the same effect upon the strength 
of mortar or concrete as does the presence of silt or clay in like quantities. It is essential for the best work that 
this dust be removed by screening and washing, in the same manner that silt is removed from sand and gravel, 
though it may later be used advantageously in known quantiti^ by recombination. 

121. Water. — The water used in mixing mortar or concrete should be free from oily acids, 
alkalies, or vegetable matter, and should be of a quality fit for drinking purposes. The presence 
of oils is easily detected by the characteristic iridescent surface film. Vegetable matter can 
sometimes be detected by observing floating particles, or by turbidity. Chemical determina- 
tions such as the Abrams-Harder test are better and more certain. 

Tests of water for acidity or alkalinity may be made by means of litmus paper, procured at any chemist's. 
If blue litmus remains blue on immersing in the water, then the property is either neutral or alkaline; if the color 
changes to red, then the property is acidic- If there is a dangerous amount of acid present, the change in color will 
be very rapid. Likewise, if red litmus changes very quickly to blue, the water will be found to contain a dangerous 
amount of strong alkali. If the change of color is slow and faint in either test, the indication may be disregarded. 
A solution of phenol-phthalein is a delicate test for alkalinity. 

Whenever a water does not appear satisfactory, its effect upon the strength and setting qualities of a cement 
should be determined by direct test on mixtures. 


CONCRETE REINFORCEMENT 

By H. E. Ptjlveb 

122. Types of Reinforcement. — The reinforcing steel in reinforced concrete construction 
is mostly in the form of rods, or bars, of round or square cross-section. These vary in size from 
to % in. for light floor slabs, up to in. as a maximum size for heavy beams and columns. 
Both plain and deformed bars are used. With plain bars the adhesion between steel and con- 
oTete is depended upon to furnish the necessary bond strength. With deformed bars the usual 
adhesion is supplemented by a mechanical bond, the amount of this bond in any given case 
depending upon the shape of the bar. The adhesion of concrete to flat bars is less than for 
round or square bars, but the flat deformed bar possesses advantages over the other forms when 
used as hooping for tanks, pipes, and sewers where the reduced thickness of the bar allows the 
concrete section to have a greater effective depth for the same total thickness of concrete. 
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The Joint Committee on Standard Specifications for Concrete and Reinforced Concrete, in their 1924 Report, 
states that the reinforcement bars shall conform to the areas and eqiiivalent sizes shown in the following table:^ 


Size of bar, inches 

Area, square inches 

. .. 

Round bar 

Square bar 

H 

0 110 


1-2 

0.196 

0.250 


0 306 

... . 


0 441 


H 1 

0.601 


1 i 

0 785 

i 1.000 

m 

i 

1 . 265^ 


; 

1 1.562 


An approved deformed bar shall be one that will develop a bond at least 25 % greater than that of a plain round 
bar of equivalent cross-sectional area, the area of the deformed bar being determined by the minimum cross-section. 


Wire fabric and expanded metal in various forms are used to a considerable extent in slabs, 
pipes, and conduits. These types of reinforcement are easy to place and are especially well 
adapted to resist temperature cracks and to prevent cracking of the concrete from impact or 
shock. * 

A number of combinations of forms are employed to a greater or lesser extent. These 
combinations are known as ‘systems. 

123. Surface of Reinforcement. — A rough surface on steel has a higher bond value for use 
in concrete than a smooth surface, consequently a thin film of rust on reinforcement should not 
cause its rejection. In fact in the case of cold-drawn wire which presents a very smooth surface, 



Fig. 36. — Cold-twisted square bax. 


a slight coating of rust is a decided advantage. Loose or scaly rust, however, should never be 
allowed. Reinforcement in this state of corrosion may be used if first cleansed with a stiff 
wire brush or given a bath of hydrochloric acid solution (consisting of 3 parts acid to 1 part 
water) and then washed in clean running water. Oiling and painting of reinforcing steel 
should not be permitted as its bonding value is greatly reduced thereby. 

124. Quality of Steel. — Authorities differ as to the quality of steel to be used for reinforce- 
ment. Mild steel is the ordinary structural steel occurring in all structural shapes. High 
steel or steel of hard grade has a greater percentage of carbon than mild steel and is also known as 
high-carbon or high elastic-limit steel. 

Brittleness is to be feared in high steel, although this quality is not so dajagerous when the metal is used in 
heavy reinforced-conorete members — ^for example, in heavy beams or slabs — as the concrete to a large extent 
absorbs the shocks and protects the steel. AH high steel should be carefully inspected and tested in order to prevent 
any brittle or cracked material from getting into the jfinished work. Steel of high elastic limit is seldom employed 
where plain bars are used. 

Cold twisting increases the elastic limit and ultimate strength of mild-steel bars. The increase, however, is not 
definite, varying greatly with slight variations in the grade of the rolled steel. A square twisted bar is shown in 
Fig. 36. 

126. Workiiig Stresses. — The generally accepted working stress for mild steel is 16,000 lb. 
per sq. in. and 18,000 to 20,000 lb. per sq. in. for high steel and cold-twisted steel. A stress not 
greater than 16,000 lb. per sq. in. is recommended by the Joint Committee for all grades of steel- 

^ Most companies include the 34-iu. round bar, area 0.049 sq. in., in their list of standard sizes of reinforcing 

bars 
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The Joint Cojnnutteo, in their 1924 Report, 
tension : 


Sfructural-stt'el irrade 
BiUet-steel bars- Intorniodsate ;!Tade 
' Harii uradp 

Rail-steel bars . 

Cold-drawn steel wire, spirals 
Elsewhere . 


recommend the following working stresses 

Pounds per 
square inch 

16,000 

18,000 

.... . . 18,000 
16,000 

Stress Hot calculated 
. . ... 18,000 


in 


126. — CoeflScient of Expansion, — The coefficient of expansion of steel is approximately 
0.0000065 deg. F. 

127. Modulus of Elasticity. — The modulus of elasticity of all grades and kinds of steel is 
about the same and is usually taken as 30,000,000 lb. p>er sq. in. in both tension and compression. 

128. Steel Specifications. — The specifications for reinforcing steel in most general use 
appear to be those of the American Society" for Testing Materials. The A.S.T.M. specifications 
for billet-steel and rail-steel concrete reinforcement bars and for cold-drawn steel wire for 
concrete reinforcement are given in Appendix £>. 

129. Factors Affecting Cost of Reinforcing Bars. — In order to insure minimum cost and 
prompt delivery of steel reinforcing bars, the steel schedule for a reinforced concrete structure 
should call for bars of as few different sizes and lengths as possible. Bars of odd-sixteenth 
sizes are seldom to be found in stock, and shipments from the mill on such sizes are likely to be 
very slow. Designers should alw'ays bear in mind this fact and arrange to use either round or 
square bars in 3^'-in. sizes, as stated in Art. 122. Wherever possible, steel lengths that do not 
vary greatly on the schedule should all be made equal, since an order calling for only a few 
different lengths will be put through the mill much more rapidly than one calling for many- 
different lengths. 


The following size extras for bars less than ?^-in. are standard with all mills and are the same for either round or 
square bars: 

Size Extras fob Rounds and Squares in Cents per 100 Lb. 


and larger 

H-in 

h'in 

H-in 




Base 

$0 . 10 extra 
0.20 extra 
0.40 extra 
1 . 00 extra 


Lengths less than 10 ft. should be avoided, if possible, as they are subject to the following cutting extras. 


whether sheared or hot sawed : 

Cutting to lengths Fer 100 lb. 

Of 120 in. and over No charge 

Over 60 in. to but not including 120 in $0.05 

Over 48 to 60 in. inclusive 0.10 

Over 24 to 48 in. inclusive 0.15 

Over 12 to 24 in. inclusive. . . . 0*20 

Of 12 in. and less; extra will be furnished on application but will not be less than 0.40 

All orders calling for less than 2000 lb. of the same size and shape are subject to the following extras: 

Quantities less than F^r 100 lb 

2000 but not less than 1000 lb - $0.20 

10001b 0-50 


Whether or not ’quantity differentials or cutting extras apply, there will be an extra charge 
for cutting less than 2000 lb. of any size to a specified length, regardless of the total tonnage of 
the size ordered, regardless of what the length may be, and regardless of the exact quantity 
shipped, as follows: 


Less than 
2000 to 1500 lb 
1500 to 1000 lb 
lOOO to 500 Ib. 
5001b 


Per 100 lb. 
. $ 0.10 
. 0.20 
. 0.40 

. 0.60 
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130. Deformed Bars. — There are many kinds of deformed bars on the market at the present 
time. Fig. 37 illustrates a number of these bars. 

Most deformed-bar manufacturers will roll for stock the following sizes only: 

Round Bars. — H, and 1 in. 

Square Bars. — 1? l/'S? and in- 
All other sizes will be considered as special. 


Diamond bar 





Corrugated bars 



Rib bar 




American bars 


Fig. 37. — Types of deformed bars. 


Deformed bars conform in cross-sectional areas to the areas recommended by the Joint Committee in their 
1924 Report. The following table gives the areas and their equivalents: 


Area, square inches 

Equivalent to 

Weight per foot, pounds 

0.049 

yi in. round 

0.17 

0.110 

in, round 

0.38 

0.196 

in. round 

0.67 

0.250 

34 in. square 

0.85 

0.307 

^ in. round ■ 

1.05 

0.442 

in. round 

1.51 

0.601 

in. round 

2.05 

0.785 

1 in. round j 

2.68 

1.000 

1 in. square 

3.43 

1 . 266 

134 in. square 

4.35 

1 . 563 

1^4 in. square 

5.35 


131. Wire Fabric. — This material is used to a considerable extent for floors, roofs, walls, 
vaults, pavement, etc., and has been found to possess many valuable qualities. Wire fabric 
is made of steel wires crossing generally at right angles and secured at the intersections. The 
heavier wires run lengthwise and are called carrying wires; the lighter ones cross these and are 
called distributing or tie wires. The wires may be woven or welded together. One distinct 
advantage in the use of fabric is that it preserves uniform spacing of the steel. 

The manner of securing the intersections of wire fabric has given rise to a number of differ- 
ent types, several of the principal ones of which are given in the articles following. 

The steel-wire gage adopted as standard for all steel wire upon recommendation of the 
United States Bureau of Standards is given in the table on p. 10Q6: 
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Steel Wire Gage 


Diameter, 

inches 

Steel wire 
gage^ 

Diameter, 

inches 

Area, square 
inches 

Pounds per 
foot 

Pounds per 
mile 

Feet per 
pound 



0.5000 

0 19635 

0 6668 

3,521.0 

1.500 


7 0 

0 4900 

0 I 8857 

0.6404 

3,381.0 

1.562 



0 46S75 

0. 17257 

0.5861 

3,094.0 

1.706 


6;0 

0.4615 

0 16728 

0.5681 

2,999.0 

1.760 

hs 


0.4375 

0 15033 

0.5105 

2,696.0 

1.959 

.... 

5,0 

0.4305 

0 14556 

0.4943 

2,610.0 

2.023 



0.40625 

0.12962 

0.4402 

2,324.0 

2,272 


4 0 

0.393S 

0.12180 

0.4136 

2,184.0 

2.418 

H 


0.3750 

0.11045 

0.3751 

1,980.0 

2.666 


3 0 

0.3625 

0. 10321 

0.3505 

1,851.0 

2.853 



0.34375 

0.092806 

0.3152 

1,664.0 

3.173 


2 0 

0.3310 

0.086049 

0.2922 

1,543.0 

3.442 



0.3125 

0.076699 

0.2605 

1,375.0 

3.839 


0 

0.3065 

0.073782 

0.2506 

1,323.0 

3.991 


1 

0,2830 

0.062902 

0.2136 

1,128.0 

4.681 



0.28125 

0.062126 

0.2110 

1,114.0 

4.74 


2 

.0.2625 

0.054119 

0.1838 

970.4 

5.441 



0.2500 

0.049087 

1 

0.1667 

880.2 

5.999 


3 

0.2437 

i 

1 0.046645 

0.1584 

836.4 

6.313 


i 4 

0.2253 

1 0.039867 

0.1354 

714.8 

7.386 

^33 


0.21875 

! 0.037583 

0.1276 

673.9 

7.835 


5 

0.2070 

0.033654 

0.1143 

603.4 

8.750 


; G 

0 1920 

0.028953 

0 09832 

519.2 

10.17 

Ks 

1 

0,1875 

0.027612 

0.09377 

495.1 

10.66 


1 7 

0.1770 

0,024606 

0 08356 

441.2 

11.97 


i S 

0.1620 

0.020612 

0.07000 

' 369.6 

14.29 

H2 

i 

0.15625 1 

0.019175 

0.06512 

343.8 

15.36 


1 ® 

0.1483 

0 017273 

0.05866 

309.7 

17.05 

H 

10 

0.1350 

0.014314 

0.04861 

256.7 

20.57 



0.125 

0.012272 

0.04168 

220.0 

24.00 


11 

0.1205 

0.011404 

0.03873 

204.5 

25.82 


12 

0.1055 

0.0087417 

0.02969 

156.7 

33.69 



0.09375 

0 0069029 

0.02344 

123.8 

42.66 


13 

0.0915 

0.0065755 

0.02233 

117.9 

44.78 


14 

0.0800 

0.0050266 

0.01707 

90.13 

58.58 


15 

> 0.0720 

0.0040715 

0.01383 

73.01 

72.32 


16 

0.0625 

0.0030680 

0.01042 

55.01 

95.98 

i 

17 

0.0540 

0.0022902 

0.007778 

41.07 

128.60 


1 Formerly called the “ American Steel & Wire Co/s Gage/* 
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National Steel Fabhic Company 
Nation.^l Steel Fabric Standard Styles 




1 

Spacing, 

] 

Gage of ' 

Sectional s 

irea square 

1 




1 inches 

wire i 

inch per linear foot 





1 

i 

1 


1 













Suggested uses 

Style 

d 

fi 

1 

0 

S 

a 

•S ' 

0 

(Q 



per 100 
sq ft., 




5 

0 

> 

p 

C* 

> 

Longi- 

Trans- 

pounds 




*S ! 

ta 

a 


0 

P 

tudinal 

verse 





g 

c! 

c 

tS 









iA 






AA 

1414 


2 I 

14 i 

14 

0.030 

0.030 

21,1 


AA 

1212 

2 

2 

12 

12 

0.052 i 

0,052 

36.8 


TT 

1414 

3 

3 

14 

14 

0.020 

0.020 

14.2 

Cement gun work, com- 

TT 

1212 

3 

3 

12 

12 

0.035 

0.035 

24.7 

position floors, fireproof- 

TT 

1010 

3 

3 

10 

10 

0.057 

0.057 

40.5 

ing, etc 

BB 

1414 

4 

4 

14 

14 

0.015 

0.015 

10.8 


BB 

1313 

4 

4 

13 

13 

0,020 

0.020 ! 

14.1 


BB 

1212 

4 1 

4 

12 1 

12 

0.026 

0.026 

18.7 


BB 

1010 

4 


10 

10 

0.043 

0.043 ! 

30. C 

Cement gun work, levee 

BB 

88 

4 ! 

4 

8 

8 

0.062 

0.062 1 

44.1 

lining, etc 

BB 

66 

4 i 

4 

6 i 

6 

0.087 

0.087 

61.0 

BB 

44 i 

4 j 

4 1 

4 i 

^ j 

0.120 

0.120 

85.3 , 

Temperature reinforce- 

CC 

1212 ; 

6 

6 

12 

12 

0.017 

0.017 

12.7 

ment, driveways, side- 
walks, etc j 

CC 

1010 

6 

6 

10 

10 

0.029 

0.029 

20.7 

CC 

99 

6 

6 1 

® i 

9 

0.035 

0.035 

25.1 

CC 

66 

6 

® 

6 

6 

0.058 

0.058 

42.0 


AH 

711 

2 

16 

7 

11 

0.148 

i 0.008 

54.8 


AH 

610 

2 

16 

6 

10 

0.174 

1 0.011 

64.7 


AH 

510 

2 

16 

5 

10 

0.202 

0.011 

74.6 


AH 

49 

2 

16 

4 

9 

0.239 

0.013 

88.5 


AH 

38 

2 

16 

3 

8 

0.280 

0.015 

103.6 

1 

TH 

711 

3 

16 

7 

11 

0.098 

i 0.009 

38.1 


TH 

610 

3 . 

16 


' 10 

0.116 

1 0.011 

45. 1 


TH 

510 

3 

16 

5 

10 

0.135 

! 0.011 

51.8 

Slab reinforcement, re- 
taining walls, etc 

TH 

TH 

49 

38 

3 

3 

16 

16 

4 

3 

9 

8 

0.160 

0.187 

* 0.013 
0.015 

61.4 

72.0 

TH 

28 

3 

16 

2 

8 

0.217 

0.015 i 

82.6 


TH 

17 

3 

1 16 

1 

7 

0.252 

! 0.018 

96.2 


TH 

06 

3 

16 

0 

6 

0.205 

0.022 

112.9 


BH 

711 

4 

16 

7 

11 

0.074 

0.008 

29.7 


BH 

610 

i 4 

16 

6 

10 

0.087 

0.011 

35.2 


BH 

510 

4 

16 

5 

10 

0.101 

0.011 

40.4 


BH 

49 

4 

1 16 

4 

9 

0.120 

0.013 

47.9 


BH 

38 

4 

t 16 

3 

8 

0.140 

0.015 

56.1 


BH 

28 

4 

16 

2 

8 

0.162 

0.015 1 

64.3 


BF 

1212 

; 4 

12 

12 

12 

' 0.026 

0.009 

12.6 


BF 

1112 

4 

12 

: 11 

12 

0.034 

0.009 

15.5 


BF 

1012 

4 

12 

10 

12 

0.043 

0.009 

18.6 

Slab reinforcement, fire- 
proofing, etc 

BF 

BF 

BF 

912 

812 

711 

4 

4 

4 

12 

12 

12 

9 

‘ 8 

7 

12 

12 

11 

0.052 

0.062 

0.074 

0.009 

0,009 

0.011 

21.8 

25.5 

30.7 


BF 

610 

4 

12 

6 

10 

0.087 

0.014 

36.5 


BF 

510 

4 

12 

5 

10 

0.101 

0,014 

41.6 


BF 

49 

4 

13 

4 

9 

0.120 

0.017 

49.4 


BD 

1313 

4 

8 

13 

13 

0.020 

0.010 

10.6 

Beam wrapping, fire- 

BD 

1212 

4 

8 

i 12 

12 

0.026 

0.013 

14.1 

proofing, etc 

BD 

1112 

4 

8 

11 

12 

0.034 

0.013 

17.0 

BD 

1012 

4 

8 

10 

12 

0.043 

0.013 

20,3 


BD 

912 


8 

0 

12 

0.052 

0.013 

23.4 

Concrete pipe, etc 

Ibd 

812 

4 

8 

8 

12 

0.062 

0.013 

27.0 

BD 

711 

4 

8 

' 7 

11 

0.074 

0.017 

32.7 


Noth: The “Style” letters and numerals refer respectively to the spadng of -wires and to 
the gage of wires; for instance, means 4rin. spacing of lon^tudinal wires and 8 -^ 

spacing of transverse wires, and *‘1112” means No» 11 gage longitudinal wires and No, 12 
gage transverse wires, ' 
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Fig. 38. — Welded wire fabric. 



American' Steel and W ire Company 
Tkiax<-:le Mesh Woven Wire Concrete Reinforcements 


Style No. 


Number and gagei 
1 of wires each, 1 
longitudinal, | 
* A. S. & W, Co.’s ' 
I steel-wire gage 


Sectional area 
longitudinals, 
square inch per 
foot width 


Total effective 
longitudinal 
sectional area, 
square inch per 
foot width 


Approx, weight, 
pounds per 100 
sq. ft. 


Longitudinals spaced 4 in. Cross wires No. 14rgage, spaced 4 in. 


032 

1— No. 

12 gage 

0 026 

0.032 

22. 

040 

1— No. 

1 1 gage 

0.034 

0.040 

25 

049 

l—No. 

10 gage 

0.043 

0.049 

28 

058 

1— No. 

9 gage 

0.052 

0.058 

32 

06S 

1— -No. 

8 gage 

0.062 

0.068 

35 

080 

1— No. 

7 gage 

0.074 

0.080 

40 

093 

1— No. 

6 gage 

0.087 

0.093 

45 

107 

1— No. 

5 gage 

0.101 i 

0.107 

50 

120 

1— No. 

4 gage 

0.120 1 

0.126 

57 

146 

1— No. 

3 gage 

0.140 1 

0.146 

65 

153 

1 — } in. 


0.147 i 

0.153 

68 

168 

1— No. 

2 gage 

0.162 : 

0.168 

74 

180 

2— No. 

6 gage 

0.174 

0.180 

78 

208 

2~No. 

5 gage 

0.202 

0.208 

89 

245 

2— No. 

4 gage 

0.239 i 

0.245 

103 

267 

3— No, 

6 gage ^ 

0.261 

0.267 

111 

2S7 

3— No. 

5i gage 

0.281 

0.287 

119 

309 

3— No. 

5 gage 

0.303 

0.309 

128 

336 

3— No, 

4| gage 

0.330 

0,336 

138 

365 ' 

3—No. 

4 gage 

0.359 

0.365 

149 

395 

3— No. 

31 gage 

0.389 

0.395 

160 


Longitudinals spaced 4 in. Cross wires No. 14-gage, spaced 8 in. 


036P 

1 — No. 12 gage 


0.036 

17 

044P 

1 — No. 11 gage 


0.044 

20 

053P 

1 — No. 10 gage 


0.053 

24 

062P 

1 — No. 9 gage 


0.062 

27 

072P 

1 — No. 8 gage 


0.072 

31 

0S4P 

1 — No. 7 gage 


0.084 

as 

097P 

1 — No. C gage 


0.097 

40 

Longitudinals spaced 4 in 

Cross wires No. 12§-gage, spaced 8 in. 

041R 

1 — No. 12 gage 


0.041 

21 

049R 

1 — No. 11 gage 


0.049 

24 

05SR 

1 — No. 10 gage 


0.058 

28 

067R 

1 — jsTo. 9 gage 


0.067 

31 

077R 

1 — No. 8 gage 


0.077 

35 

089R 

1— No, 7 gage 


0.089 

40 

102R 

1 — No. 6 gage 


0.102 

44 


Length of rolls: 150 ft., 200 ft., and 300 ft. 

Widths: approximately 16, 20, 24, 28, 32, 36, 40, 44, 48, 62, and 66 in. 

Note: Material may be furnished either plain or galvanized. Unless otherwise specified, 
shipment will be made of material not galvanized. 
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Table Showing Sectional Areas of American Steel & VTiee Company’s Electrically 

Welded Wire F.abric 


Area in Square Inches per Foot of Width for Various Spacing of Wires 


American 
Steel & 
Wire 

Company’s 

steel-wire 

gage 

number 

Wire 




Center-tocentcr spacing, inches 




Diameter, 

inches 

.■Vrea, 

square 

inches 

2 

3 

4 

0 

6 


8 

9 

10 

12 

14 

16 

0000 

0.3938 

0.12180 

0.731 

0.487i 0.365 

0.244j 

0 183 



0 122 



000 

0.3625 

0.10321 

0.619 

0.413!o.31o! 

0.2061 




0.103 



00 

0,3310 

0,086049 

0.516 

0.344j 0.258 


0.1721 

0.129 



0.086 



0 

0.3065 

0.073782 

0.443 

0.295|0.221 

0.177 

0.148 

0.126|0.111 

0.098 

0.089 

0.074 

0.063 

0.055 

1 

0.2830 

0.062902 

0.377 

0 . 252 ! 0.189 

0.151 

0.126 

0 

0 

00 

0 

g 

0 

0 

00 

0.075 

0.063 

0.054 

0.047 

2 

0.2625 

0.054119 

0.325 

0.216 

0.162 

0.130 

0.108 0 093 

0.081 

0.072 

0.065 

0.054 

0.046 

0.041 

3 

0.2437 

0.046645 

0.280 

0.187 

0.140 

0.122 

0.09310.080 

0.070 

0.062 

0.056 

0.047 

0.040 

0.035 

4 

0.2253 

0.039867 

0.239| 

0.159 

0.120 

0.096 

o.osojo.oes 

0.060 

0.053 

0.048 

0.040 

0.034 

0.030 

5 

0.2070 

0.033654 

0.202 

0.135 

0.101 

0.081 

0.067 0.058 

0.050 

0.045 

0.040 

0.034 

0.029 

0.025 

6 

0.1920 

0.028953 

0.174’ 

0.116 

0.087 

0.069 

0.058 0.050 

0.043 

0.039 

0.035 

0.029 

0.025 

0.022 

7 

0.1770 ! 

0.024606 

0.148 

0.098 

0.074 

0.059 

0.049 

0.042 

0.037 

0.033 

0.030 

'0.025 

0.021 

0.018 

8 

0.1620 

0.020612 

0.124 

0.082 

0.062 

0.049 

0.041 

0.035 

0.031 

0.027 

0.025 

0.021 

0.018 

0.015 

9 

0.1483 

0.017273 

0,104 

0,069 

0.052 

0.041 

0.035 

0.030 

0.026 

0.023 

0.021 

0.017 

0.015 

0.013 

10 

0.1350 

0.014314 

0.086 

0.057 

0.043 

0.034 

0.029 

0.025 

0.021 

0.019 

0.017 

0.014 

0.012 

0.011 

11 

0.1205 1 

0.011404 I 

0.068; 

0.046 

0.034 

0.027 

0.023 

0.020 

0.017 

0.015 

0.014 

0.011 

0.010 

0.009 

12 

0.1055 

0.0087417 

0.052 

1 

0.035 

0.026 

0.021 

0.017 

0.015 

0.013 

0.012 

0.010 

0.009 

0.007 

0.007 

13 

0.0915 

0.0065755 

1 

0.039! 

0.026 

0.020 

0.016 

0.013 

0.011 

0.010 

0.009 

0.008 

0.007 

0.006 

0.005 

14 

0.0800 

0.0050266 

0.030 

0.020 

0.015 

0.012!0.010 

1 

0.009 

0.008 

0.007 

0.006 

0.005 

0.004 

0.004 
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Ameeican Steel & Wike Company’s Electeic-weld Fabeic in Rolls ob Sheets 


For Concrete Floors and Miscellaneous Construction 


Style 

number 

Spacings of wires, inches 

Gage number 

Section areas, square 
inches per foot 

Weight per 
100 sq ft. 

Longitudinal 

Transverse 

Longitudinal 

Transverse 

Longitudinal 

Transverse 

21&-17 

2 

16 

1 

7 

0.377 

0.018 

139 

21&~2S 

2 

16 

2 

8 

0 325 

0 015 

119 

216-38 

2 

16 

3 

8 

0.280 

0.015 

104 

216-49 

2 

16 

4 

9 

0.239 

0.013 

89 

216-510 

2 

16 

5 

10 

0.202 

0.011 

75 

216-610 

2 

16 

6 

10 

0.174 

0.011 

65 

216-711 

2 

16 

7 

11 

0.148 

0.008 

55 

216-812 

2 

16 

8 

12 

0.124 

0.007 

46 

316-17 

3 

16 

1 

7 

0.252 

0.018 

96 

316-28 

3 

16 

2 

8 

0.216 

0.015 

83 

316-38 

3 

16 

3 

8 

0.187 

0.015 

72 

316-49 

3 

16 

4 

9 

0.159 

0.013 

61 

316-510 

3 

16 

5 

10 

0.135 

0.011 

52 

316-610 

3 

16 

6 

10 

0.116 

0 011 

45 

316-711 

3 

16 

7 

11 

0.098 

0.009 

38 

316-812 

3 

16 

8 

12 

0.082 

0.007 

32 

416-28 

4 

16 

2 

8 

0.162 

0.015 

64 

416-38 

4 

16 

3 

8 

0 140 

0.015 

56 

416-49 

4 

16 

4 

9 

0.120 

0.013 

48 

416-510 

4 

16 

5 

10 

0.101 

0.011 

40 

416-610 

4 

16 

6 

10 

0.087 

0.011 

35 

416-711 

4 

16 

7 

11 

0.074 

0.009 

1 30 

412-812 

4 

12 

8 

12 

0.062 

0.009 

26 

412-912 

4 

12 

9 

12 

0.052 

0.009 

22 

412-1012 

4 

12 

10 

12 

0.043 

0.009 

19 

• 412-1212 

4 

12 

12 

12 

0.026 

0.009 

13 

48-1214 

4 

8 

12 

1 

0.026 

0.008 

12 

48-1313 

4 

8 

13 

13 ; 

0.020 

0.010 

11 

66-66 

6 

6 

6 

6 1 

0.058 

0.058 

42 

66-77 

6 

6 

7 

7 I 

0.049 

0.049 

36 

66-88 

6 

6 

8 

8 

0.041 

0.041 

30 

66-99 

6 

6 

9 

9 

0.035 

0.035 

25 

66-1010 

6 

6 

10 

10 

0.029 

0.029 

21 

66-1212 

6 

6 

12 i 

12 

0.017 

0.017 

13 

44-44 ] 

4 

4 

4 

4 

0,120 

0.120 

85 

44-66 

4 

4 

6 

6 

0.087 

0.087 : 

62 

44-77 

4 

4 ! 

7 

7 

0.074 

0.074 

53 

44-88 

4 

4 

8 

8 

0.062 

0.062 

44 

44-1010 

4 

4 

10 

10 

0.043 1 

0.043 1 

31 

44-1212 

4 

4 

12 

12 

0.026 

0.026 

19 

44-1313 

4 

4 

13 

13 

0.020 

0.020 

14 

44-1414 

4 

4 

14 

14 

0.015 

0.015 

11 

33-1010 

3 

3 

10 

10 

0.057 

0.057 

41 

33-1212 

3 

3 

12 

12 

0.035 

0.035 

25 

33-1414 

3 

3 

14 

14 1 

0.020 1 

0.020 

14 

24-1314 

2 

4 

13 

14 

0.039 

0.015 

19 

22-1212 

2 

2 

12 

12 1 

0.052 

0.052 

37 

22-1313 

2 

2 

13 

13 

0.039 

0.039 

28 

22-1414 

2 

2 

14 

14 

0.030 

0.030 

21 
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WiCKwiKE Spe.vcer Steel COKPOBjCTION 
Standard Sizes — Clinton Welded Fabric 


Style No. 

Spacing 
of wires 

Size wires 
W&M 
gauge 

Sectional area 
of steel per foot 
"ftidth, square 
inch 

Weight, 
per 100 
sq. ft , 
pounds 

Standard rolls 

H 

2 « 
•TSp£i 

a ® 
0.5 

cT 

B 

1 s 
§1 

5 

l| 

gc 

S O 

'3 

c 

e o 

c « 

c 

g 

> ? 

1C X 

i| 

Width, inches 

Length, feet 

*216- 

28 

2 

16 

2 

8 

0.325 

0.015 

119.4 

00 

150 

*216- 

38 

2 

16 

3 

8 

0.280 

0.015 

103.0 

60 

150 

*216- 

49 

2 

16 

4 

9 

0.239 

0.013 

88.0 

60 

150 

*216- 

510 

2 

16 

5 

10 

0.202 

0.011 

74.6 

GO 

150 

*216- 

610 

2 

16 

6 

10 

0.174 

0.011 

64.7 

60 

200 

*316- 

2S 

3 

16 

2 

8 

0.217 

0.015 

82. G 

84 

150 

*316- 

38 

3 

16 

3 

8 

0.187 

0.015 

72.0 

84 

150 

*316- 

49 

3 

16 

4 

9 

0.160 

0.013 

61.4 

84 

150 

*316- 

510 

3 

16 

5 

10 

0.135 

0.011 

51.8 

84 

150 

*316- 

610 

3 

10 

6 

10 

0.116 

0.011 

45.1 

84 

200 

*416- 

38 

4 

16 

3 

8 

0.140 

0.015 

56.1 

84 

150 

*416- 

49 

4 

16 

4 

9 

0.120 

0.013 

47.9 

84 

150 

*416- 510 

4 

16 

5 

10 

0.101 

0.011 

40.4 

84 

200 

*416- 610 

4 

16 

6 

10 

0.087 

0.011 

35.2 

84 

200 

’■‘416- 711 

4 

16 

7 

11 

0.074 

0.009 

20.7 

84 

200 

*412- 

812 

4 

12 

8 

12 

0.062 

0.009 

23.5 

84 

200 

*412- 

912 

4 

12 

9 

12 

0.052 

0.009 

21.8 

84 

200 

*412-1012 

4 

12 

10 

12 

0.043 

0.009 

18.6 

100 

300 

*412-1212 

4 

12 

12 

12 

0 026 

0.009 

12.6 

100 

400 

412- 

55 

4 

12 

5 

5 

0.101 

0.034 

4S.4 i 

72 

200 

412- 

66 

4 

12 

0 

6 

0.087 

0.029 

41.6 i 

72 

200 

412- 

77 

4 

12 

7 

7 

0.074 

0.025 

35.4 

72 

200 

412- 

88 

4 

12 

8 

S 

0.062 

0.021 

29.6 ; 

72 

200 

*50-1212 

5 

9 

t 12 

12 

0.021 

0.012 

11.8 : 

100 

400 

612- 

06 

6 

12 


G 

0.148 

0.029 

65.3 

72 

t 

612- 

33 

6 

12 

1 3 

3 

0.093 

0.047 

51.2 

72 

200 

612- 

44 

6 

12 

1 

4 

0.080 

0.040 

43.8 

72 

200 

612- 

55 

6 

12 

1 5 

5 

0.067 

0.034 

37.0 

72 

200 

612- 

66 

6 

12 

; 6 

6 

0.058 

0.029 

31.8 

72 

200 

612- 

77 

6 

12 

: 7 

7 

0.049 

0.025 

27.0 

72 

200 

22-1010 

2 

2 

! 10 

10 

0.086 

0.086 

60.3 

56 

200 

*22-1212 

2 

2 

12 

12 

0.062 

0.052 

36.8 

56 

300 

44r- 

44 

4 

4 

: 4 

4 

0.120 

; 0.120 

85.3 

84 

150 

44- 

60 

4 

4 

6 

6 

0.087 

0.087 

61.9 

84 

150 

44— 

88 

4 

4 

8 

8 

0.062 

0.062 

44.1 

84 

200 

66- 

44 

6 

6 

4 

4 

0.080 

0.080 

57.8 

84 

200 

66- 

55 

6 

6 

5 

5 

0,067 

0.067 

48.8 

84 

200 

*66- 

66 

6 

6 

6 

6 

0.058 

0.058 

! 42.0 

84 

200 

66- 

77 

6 


7 

7 

0.049 

0.049 

1 35.7 

84 

200 

*66- 

88 

6 

‘6 

S 

1 8 

0.041 

0.041 

30.0 

84 

200 

*66-1010 

6 

6 

10 

1 10 

0.029 

0.029 

j 20.7 

96 

300 


* Denotes Biases ordinarily carried in stock, t Shipped only in flat sheets. 


132. Expanded Metal. — Expanded metal (Fig. 40) is one of tFe oldest forms of sheet 
reinforcement. It is formed by slitting a sheet of soft steel and then expanding the metal in a 



Fiq. 40, — Expanded metal. 
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direction normal to the axis of the sheet. The principal advantages claimed for this type of 
reinforcement are the following: (1) an increased ultimate strength and high elastic limit for 
low-carbon steel when the diamond-shaped meshes are formed by cold drawing the metal; 
(2) a mechanical bond with the surrounding concrete; (3) great efficiency in the carrying of 
concentrated loads due to the obliquity of the strands; (4) an increased ductility because of 
the fact that the diamonds or quadrilaterals tend to close under severe loading; (5) a greater 
slab strength as the effect of closing up of the diamonds is to introduce a compression into the 
concrete at the lower part of the slab. Expanded metal and other sheet metal is made according 
to the U. S. Standard gage which differs but slightly from the steel-wire gage given on page 1006. 

The details of several typical kinds of expanded metal are given in the following tables. 
No attempt has been made to include all of the kinds of expanded metal on the market in this 
article. 


The Consolidated Expanded Metal Company 
Standards for “Steelcrete^’ Expanded Metal 


Designation 
of mesh 

Effective 

sectional 

area 

square inch 
per foot 
width 

Approx, 
weight 
per squar'^ 

Standard 
width of 
sheets, 
feet-inches 

Square feet in a standard 
sheet of various lengths 

Sheets 
in a 

standard 

bundle 

foot, 

pound 

8 ft. 

10 ft. 

12 ft. 

16 ft. 

3-13-075 

0.075 

0.25 

6—4 

50.67 

63.33 

76.00 

101.33 

10 

3-13- 10 

0.10 

0.34 

7-0 

56.00 

70.00 

84.00 

112.00 

7 

3-13-125 

0.125 

0.42 

0—8 

45.33 

56.67 

68.00 

90.67 

7 

3-9-15 

0,15 

0.51 

7-0 

56.00 

70.00 

84.00 

112.00 

5 

3- 9-175 1 

0. 3.75 

0.60 

6-0 

48.00 

60.00 

72.00 

96.00 

5 

3- 9- 20 

0.20 

0.6S 

5-3 

42.00 

52.50 

63.00 

84.00 

5 

3- 9— 25 

0.25 

0.85 

4-2f 

33.67 

42.08 

50.50 

67.33 

5 

3-9-30 

0,30 

1.02 

7-0 

56.00 

70.00 

84.00 

112.00 

2 

3- 9- 35 

0.35 

i 1.19 

6-0 

48.00 

60.00 

72. OQ 

96.00 

2 

3- 4- 40 

0.40 

1.36 

4-7 

36.67 

45.83 

55.00 

73.33 

2 

3- 4- 45 

0.45 

1.53 

4-1 

32.67 

i 40.83 

49.00 

65.33 

2 

3-4-50 

0.50 

1.70 

7-4 

58.67 

73.33 

88.00 

117.33 

2 

3- 4r- 55 

0,55 

1.S7 

6-8 

53.33 

66.67 

80.00 

106.67 

2 

3-4-00 

0,60 

2.04 

i 

6-li 

49.00 

61.25 

73,50 

98.00 

2 


Note: All the above sizes are furnished in a standard diamond 8-in, length and approxi- 
mately S-in. width. All sizes are furnished in stock lengths 8» 12, and 16 ft. In addition 
all sizes from 3-13-075 to 3-9-35, inclusive, are furnished in stock lengths of 10 ft. 


Extra Heavy “Steelcbete” Expanded Metal Manufactured from 


/e-iN. Plate 


Desig- 
nation of 

Effective 
sectional 
area square 

Approx, 
weight per 
square foot, 

1 pounds 

Standard ; 
width of 
sheets, foot-' 
inches 

Square feet in a standard 
sheet of various lengths 

Sheets 
in a 

standard 

bundle 

mesh 

inch per foot 
width 

8 ft. 

10 ft. 

12 fb. 

3-1- 75 

0.75 

2.74 

5-5 ’ 

43.33 

54.17 

65.00 

1 

3-1-100 

1.00 

3.63 

4-0 

32.00 

40.00 

48.00 

1 

1 


Note: The above sizes are furnished in a diamond 8-in. length and approximately 3-iii. 
width. Both sizes are furnished in stock lengths of 8, 10 and 12 ft. In addition, inter- 
mediate sectional areas will be furnished from stock lengths of 8 and 12 ft. The standard 
widths of sheets will be furnished for each case on application. 
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XOBTHWESTERN EXPANDED MeTAL CoMPANY’s StOCK SiZES AND WEIGHTS OF '*EcONO” 

Expanded Metal 


Reinforcing Meshes 


Style 

Size of 
mesh 
a X h, 
inches 

U. S. 
Standard 
gage 
number 

Approximate 
size of strands 
c X d, 
inches 

Sectional 
area per 

1 ft. of -width, 
square inches 

Weight, 
pounds per 
.square foot 

Widths of 
sheets short 
way of mesh 

Lengths of 
sheets long 
way of rrie.sh, 
feet 

06-3 

3 X 8 

16 

'i. X K. 

0 06 

0 20 

6 ft 

8 and 12 

OS-3 

3 X 8 

16 

Ke X 3^4 

0 08 

0.27 

6 ft. 

8 and 12 

10-3 

3 X 8 

13 

XM 

10 

X 

0.10 

0.34 

4 ft. 

8, 10 and 12 

125-3 

3 X 8 

13 

X ^32 

0.125 

0 42 

5 ft. 6 in. 

8, 10 and 12 

15-3 

3 X 8 

10 

X ^8 

0. 15 

0.51 

7 ft. 

S. 10 and 12 

176-3 

3 X 8 

10 

H* X H.t 

0.176 

0.60 

6 ft. 

8, 10 and 12 

20-3 

,3 X 8 

10 

X HU 

0 20 

0.68 

5 ft 6 in. 

8, 10 and 12 

25-3 

3 X 8 

10 

H4 X 

0.25 

0 85 

4 ft. 3 in. 1 

8, 10 and 12 

30-3 

3 X 8 

10 

H4 X H 

0 30 

1.02 

7 ft. i 

8. 10 and 12 

35-3 

3 X 8 

10 

H4 X 

0.35 

1.19 

6 ft. 

S, 10 and 12 

40-3 

3 X 8 

7 

Me X ^ 

0.40 

1 36 

7 ft. . i 

8, 10 and 12 

45-3 

is X 8 

7 1 

Ms X 

0 45 

1.53 

6 ft. 3 in. 

8, 10 and 12 

50-3 

3 X 8 

7 i 

Me X Ke 

0.50 

1.70 

5 ft. 9 in. 

8, 10 and 12 

54-3 

is X 8 

7 

X = 

0.54 

1.83 

5 ft. 6 in. 

8, 10 and 12 

60-3 

1 3 X 8 

7 

^16 X 

0.60 

2.04 

4 ft. 9 in 

8, 10 and 12 

65-3 

3 X 8 

7 

?f6 X 

I 0.65 

2.19 

4 ft. 3 in. 

8, 10 and 12 

10-2K 

2K X 6 

16 1 

Ks X 

0.10 

0.34 

5 ft 

8 and 12 

15-2K 

2H X 6 

, 

X 

i 0.15 

0.51 

' 4 ft 9 in. 

8, 10 and 12 


General Fireproofing^ Company’s Styles and Sizes of Expanded Metal 


Style 

Size mesh 
short way of 
diamond, 
inches 

Net section 
area per foot 
width, square 
inches 

Approximate 
weight per 
square foot, 
pounds 

Standard size sheets 

Lengths long way of 
diamond 

Widths short way of 
diamond 

M-20 

M 

0.20 

0.68 

6 ft., 8 ft. 

3 ft., 4 ft., 6 in. 

^-24 

H 

0.24 

0.80 

6 ft., 8 ft. 

4 ft. 4 in. 

1M~1S 

IH 

0.18 

0.60 

6 ft., 8 ft. 

4 ft. 3 in., 5 ft. 8 in. 

3 -08 

3 

0,08 i 

0.27 

6 ft., 8 ft., 10 ft., 8 in. 

3 ft., 4 ft., 6 ft. 

3 -15 

3 

0.15 ' 

0.51 

6 ft., 8 ft., 9 ft., 10 ft. 8 in. 

3 ft. 6 in., 4 ft., 7 ft. 

3 -176 

3 

0.176 

0.60 

6 ft., 8 ft., 9 ft., 10 ft. 8 in. 

3 ft., 4 ft , 6 ft. 

3 -25 

3 i 

0.25 

0.85 

6 ft., 8 ft., 9 ft., 10 ft. 8 in. 

4 ft 3 in.. 5 ft. 8 in. 

3 -25 

^ i 

0.35 

1.19 

6 ft., 8 ft., 9 ft., 10 ft 8 in 

3 ft., 4 ft., 6 ft. 
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National Steel Fabric Company’s Standard Styles 


DimensionSj Areas and Weights 


Suitablp uses 

s ’ 

I 

j Style 

1 

Spacing 

inches 

. 

Gage of wire 

Sectional area, 
square inches per 
per linear foot 

Weight 
per 100 
sq. ft. 

Longi- 

tudinal 

Trans- i 

verse 

Longi- 

tudinal 

Trans- 

verse 

Longi- i 
tudinal 

Trans- 

verse 


' AA 1414 

2 

2 

14 

14 

0.030 

0 030 

21.1 


{ AA 1212 

0 

2 

12 

12 

0 052 

0.052 

36.8 

Gunite 

, TT 1414 

3 

3 

14 

14 

0,020 

0.020 

14.2 

Stucco 

1 TT 1212 

3 

3 

12 

12 

0.035 

0.035 

24 7 

Composition floonng 


TT 1010 

3 

3 

10 

10 

0.057 

0.057 

40.5 

Fireproofing 

BB 1414 

4 

4 

14 

14 

0.015 

0 015 

10.8 

Etc, 

j BB 1313 

4 

4 

13 

13 

0.020 

0.020 

14.1 


1 BB 1212 

4 

4 

12 

12 

0.026 

0.026 

18.7 



BB 1010 

4 

4 

10 

10 

0.043 

0.043 

30.6 

Gunite 


BB 88 

4 

4 

8 

8 

0.062 

0.062 

44.1 

Canal lining 


BB 66 

4 

4 

6 

6 

0 087 

0.087 

61.9 

Etc. 


BB 44 

4 

4 

4 

4 

0 120 

0.120 

85.3 



CC 1212 

6 

6 

12 

12 

0.017 

0.017 

12.7 

Sidewalks 


CC 1010 

6 

6 

10 

10 

0.029 

0.029 

20 7 

Temperature reinforcing 


CC 00 

6 

6 

9 

9 

0.035 

0 035 

25.1 

Ground floors 


CC 88 

6 

6 

8 

8 

0.041 

0.041 

29.9 

Etc 


CC 77 

6 

6 

7 

7 

0.049 

0.049 

35.7 



CC 66 

6 

6 

6 

6 

0.058 

0.058 

42.0 



AH 711 

2 

16 

7 

11 

0.148 

0.008 

54.8 

Slab reinforcing 


AH 610 

2 

16 

6 

10 

0.174 

0.011 

64.7 

Etc. (one direction only) 


AH 510 

2 

16 

5 

10 

0.202 

0.011 

74.6 



AH 49 

2 

16 

4 

9 

0.239 

0 013 

88.5 



AH 38 

2 

16 

3 

8 

0.280 

0.015 

103.6 



TH 711 

3 

16 

7 

11 

0.098 

0.009 

38.1 



TH 610 

3 

16 

6 

10 

0.116 

0.011 

45.1 



TH 510 

3 

16 

5 

*10 

0.135 

0.011 

51.8 

Slab reinforcing 


TH 49 

3 

16 

4 

9 

0.160 

0.013 

61.4 

Etc- (one direction only) | 


TH 38 

3 

16 

3 

8 

0.187 

0.015 

72.0 



TH 28 

3 

16 

2 

8 

0.217 

0.013 

82.6 



TH 17 

3 ‘j 

16 

1 ! 

7 

0.252 

0.018 

96.2 



TH 06 

3 1 

16 

0 

6 

0.295 

0.022 

112.9 



BD 1313 

4 

8 

13 

13 

0.020 

0.010 

10.6 

Beam wrapping 


BD 1214 

4 

8 

12 

14 

0.026 i 

0.008 

12.2 

Fireproofing 


BD 1212 

4 

8 

12 

12 

0.026 

0.013 

14.1 

Etc. 


BD 1112 

4 

8 ! 

11 

12 

0.034 

0.013 

17.0 



BD 1012 

4 

8 ' 

10 

12 

0.043 

0.013 

20.3 

1 


BD 912 

4 

8 

9 

12 

0.052 

0.013 

23.4 

Concrete pipe 


BD 812 

4 

8 1 

8 

12 

0.062 

0.013 

27.0 

Etc. 1 


BD 711 

4 

8 

7 

11 

0.074 

0.017 

32.7 

1 


BF 1212 

4 

12 

12 

12 

0.026 

0.009 

12.6 



BF 1112 

4 ! 

12 

11 

12 

0.034 : 

0.009 

15.5 



BF 1012 

4 

12 

10 

12 

0.043 : 

0.009 

18.6 

Slab reinforcing 


BF 912 

4 

12 

9 

12 

0.052 

0.009 

21.8 

Driveway 


BF 812 

4 

12 

8 

12 

0.062 j 

0.009 

25.5 

Etc. j 


BF 711 

4 

12 

7 

11 

0.074 

0.011 

30.7 



BF 610 

4 

12 

6 

10 

0.087 

0.014 

36.5 



BF 510 

4 

12 

5 

10 

0.101 

0.014 

41.6 

J 


BF 49 

4 

12 

4 

9 

0,120 

0.017 

49.4 

< 


BH 711 

4 

16 

7 

11 

*0.074 

0.008 

29.7 

Slab reinforcing 


BH 610 

4 

16 

6 

10 

0.087 

0.011 

35.2 

Walls 


BH 510 

4 

16 

6 

10 

0.101 

0.011 

40.4 

Etc. 


BH 49 

4 

16 

4 

9 

0.120 

0.013 

47.9 



BH 38 

4 

16 

3 

8 

0.140 

0.015 

56.1 



BH 28 

4 

16 

2 

8 

0.162 

0.015 

64.3 
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133. Rib Metai. — Rib metal is manufactured by the Truscon Steel Co. and consists of 
nine longitudinal ribs rigidly connected by light cross-members. It is made from a sheet of 
metal, flat on one side and corrugated on the other. Strips of the metal adjacent to the ribs 
are stamped out, and the sheet is drawn out into square meshes (Fig. 41). The standard 



Fig. 41. — Rib metal. 


sheets are manufactured with meshes of from 2 to 8 in. and in all lengths up to 18 ft. The 
properties of rib metal are given in the table which follows. 


Rdb Metal 


Size number 

Width of standard 
sheet, inches 

Square feet per 
lineax foot of stand- 
ard sheet 

Area per foot 
width, square inches 

Weight per square 
foot, poTonds 

2 

•16 

1.33 

0.450 

2.025 

3 

24 


0.300 

1.340 

4 

32 

2.87 

0.225 

0.997 

5 

40 

3.33 


0.792 

6 

48 


0,150 

0.655 

7 

56 

4.67 

0.128 

0.557 

S 

64 

5.33 

0.113 

0.484 

12 

96 

! 


0.075 

0.360 


No. 12 rib metal is shipped unexpanded. 

Area of one rib = 0,09 sq. in., nine ribs in one sheet. 


134. Self-centering Fabrics. — Permanent centering fabrics (used mostly for reinforcement 
in concrete floor slabs resting on steel beams) are stiffened by rigid, deep ribs which do away 
with the use of slab forms. The mesh is made small enough to prevent ordinary concrete from 
passing through. The centering fabric is laid over the supports, the concrete is poured on top 
and the under side plastered. A simple brace along the middle of the slab span is sometimes 
required to give sufficient strength to the ribs until tbe concrete has set. The i)ermanent center- 
ing fabrics may be obtained either in flat or segmental form. 

A serious disadvantage in this type of construction is the difficulty of providing efficient 
fire protection on the imder side of the fabric. Bond with the concrete is also likely to bo 
insufficient. 

Some of the types of self-centering fabrics are described in tbe following pages. 
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Hy-rib. — Hy-rib (Fig. 42) is a steel sheathing, stiffened by deep ribs formed from a single sheet of ateei. 
It is controlled by the Truscon Steel Co. of Youngstown, Ohio. 

Truscon Hy-rib is shipped eight sheets in a bundle. The sheets are furnished in standard lengths of 

6, 8, 10, or 12 ft. in open-hearth or copper-bearing steel. 



Fig. 42. — Truscon Hy-rib. 


Properties Hy-rib 


Weight per ; 
square foot, j 
pounds 

Height of 
ribs, 
inches 

center to center 

1 Spacing of 

1 ribs, inches 

1 center to center 

i 

Number ribs 
per sheet 

Width of 
sheet, 
inches 

Cross-sectional 
area per foot 
width, 

square inches 

0.58 1 


! 4 1 

8 

28 

0.1172 

0.6S ‘ 




28 

0.1407 

0.78 1 

n 

! ^ 

^ 1 

28 

0.1642 


Milcor. — The Corrugating Company, Milwaukee, Wis., makes a ^^-in. Milcor Stay-rib metal lath No. 3 in 
24-in. widths and standard lengths of 4, 5, 6, 7, 8, 9, 10, 11, and 12 ft. 



Milcor ^^-in. Stay-rib lath No. 3 is furnished in steel, “coppered metal, “ or Armco ingot iron. It is carried in 
stock, painted only, in the following weights: 


Gage number, painted 


Pounds per square feet 


28 

26 

24 


0.46 

0.56 

0.74 


Furnished in galvanized steel in No. 28 gage only; made to order only, not carried in stock, weight as follows: 


Gage number, galvanized 


Pounds per square foot 


28 


0.53 


Furnished in Armco ingot iron, painted, and carried in stock in two weights only, as follows: 

Gage number, painted Pounds per square foot 

26 0.56 

24 0.74 

Self-sentering. “Self-sentering” (Fig. 44) is manufactured by the General Fireproofing Company, Youngs- 
town, Ohio. It is made up of a aeries of heavy cold-drawn ribs, i J'fe in. high, always spaced 3^ in. center to center. 
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cennected by a form of expanded metal — all cut 29 in. wide by lengths of 4, 5, 6, 7, S, 9, 10, 11, and 12 ft. Longer 
lengths up to 14 ft. furnished on special order. Self-sentering xs made of Nos. 24, 26, and 28 gage metal. 



Self-senterinq Weights and Sectional Areas 


Painted weight per square foot, 
pounds 
0.55 
0.65 
0.75 


Effective sectional area per foot of width, 
square inches 
0.167 
0 193 
0.223 


Galvanized or Armco Self-sentering on mill shipment, minimum of 5 tons one w’eight and length. 

Longspan. — The Northwestern Expanded Metal Company, Chicago, HI., makes a ^^-in. “Longspan” rib lath. 
The ribs are spaced 4.8 in. on centers, and the lath is furnished in sheets 28.8 in. wide, in lengths of 8, 9, 10, 11, 
and 12 ft., and in weights of 0.5, 0.6, and 0.75 lb. per sq. ft., painted. 

Ribplez. — “Ribplex,*' manufactured by the Berger Manufacturing Company, Canton, Ohio, is an expanded 
metal with ribs 4.8 in. on centers and in. high, made of painted steel only. Standard sheets are 24 in. wide and 
are carried in stock in 4, 5, 6, 7, 8, 9, 10, 11, and 12-ft. lengths. Sheets are made in Nos. 28, 26, and 24 gage. 
This material is furnished in weights of 0.50, 0.60, and 0.75 lb. per sq. ft. 



Fig. 45. — YPS ribplex. 

Truss-V-Rib. — The Bostwick Steel Lath Company, Niles, Ohio, manufactures a “Tniss-V-Rib*’ reinforced 
metal lath which is suitable for light concrete work without forms. This material is made from best open-hearth 
sheet metal. See the article on metal lath for a brief description of Trxiss-V-Rib properties. 

yPS Ribplex. — The Youngstown Pressed Steel Company, Warren, Ohio, make a “Y. P. S. Ribplex’^ 

lath with ribs spaced 4.8 in. on centers. Standard sheets are 24 in. wide and are carried in stock in 4, 5, 6, 7, 8, 
9, 10, 11, and 12-ft. lengths. This material is made in Nos. 28, 26, and 24 gage and weighs 50, 60, and 75 lb. per 
100 sq. ft. 


135. Reinforcing Systems, — There have been at various times many different types of 
concrete reinforcing systems placed on the market. In the following articles a few of these 
systems will be illustrated and described. 







Fig. 46.- 

— Kahn trussed bars. 

ICnhn System. — ^The trussed bar (Fig. 46), named for its inventor, is rolled with 

ffanges, which are bent up to resist the shear in the beam- For continuous beams, inverted 
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bars are placed oyer the supports in the upper part of the beam, extending over the region of 
tension. Properties of Kahn trussed bars are shown in the following table : 


Kahn Trussed Bars 


Size a X b, inches 

Weight, pounds per 
foot 

Area 

Length of diagonals, inches 

Standard 

Special 

Square section bars 

H X m 

1.4 

0.41 

12 

(6), 8, (18) 

M X 2^6 

2.7 

0.79 

12, 24 

8, (18), 30 

New section bars 

IH X 2H 

4.S 

1.41 

12, 24, 36 

8, (18), 30 

m X 2% 

6.8 

2.00 

36 

(24), 30, (48) 

2 X 3K 

10.2 

3.00 

36 

(24), 30, (48) 


Note. — A ll diagonals are sheared alternately except 6 in. diagonals which are sheared opposite. Lengths 
enclosed in parenthesis are special and are ordinarily available only for items of 5 tons or more. 


What might be called the Kahn system is illustrated in Fig, 47. The collapsible column 
hooping is shown more in detail in Fig. 48. The hooping is shipped in the form of fiat, circular 



coils of exact diameter and accurately spaced by means of special spacing bars. These ooils 
spring automatically into a complete hooped column on cutting the small fastening wires. Rib 
bars (see Art. 130, p. 1005) are ordinarily used as vertical reinforcement in conjunction with the 
hooping. 

The collapsible column hooping is shipped in bundles, coiled to the correct diameter, and 
with separate spacing bars, ready for assembling in the field. Sizes of wire for hooping: 34» 
^6, % and K-in. diameter. Diameter of coils: 12 to 30 in. Pitch: IJ^ to 3>i in. 
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Cummings System. — The Cummings system is shown in Fig. 49. U-shaped stirrups are 
used on the girder frame shown. They are shipped flat with the longitudinal reinforcement, 
but are bent up to an inclined position on the work. The rods are held together by means of a 
patented chair. In the Cummings hooped column, each hoop is securely attached to the 



Fig. 48- — Kahn collapsible Fig. 49. — Cummings system, 

column hooping. 


upright rods. The hoops are made of flat steel, bent to a circle, with the ends riveted or welded 
together in such a manner that the ends of the hoops protrude at right angles to keep them the 
proper distance from the mold. Reinforcement of the Cummings system is manufactured and 
sold by the Electric Welding Co., Pittsburgh, Pa. 

Unit System. — Figs. 50 and 51 show the unit system 
of reinforcing controlled by the American System of Rein- 
forcing, Chicago, m. The girder frames are not stock frames 
but are built to meet the engineer's or architect's plans. 

Unit girder frames are provided with overlapping rods for 
continuous beams to reinforce against negative moment. 

Corr System. — Corr-bar girder frames (Fig. 52) and 
shop fabricated spirals (Fig. 53) are furnished by the Kalman 


Overlapping rode to 
'secure conttnuiiy 



Fig. 50. — ‘‘Unit” frames. 



Fig. 51. — spirals. 


Steel Company, Chicago, 111. As with the unit system, the girder frames are built to meet 
the engineer’s or architect's plans. In the spiral reinforcement the spacing bars consist of two 
or — ^in large columns — -four spacers made of T-section bars notched to receive the spiral. The 
spirals are made of cold-drawn wire and are furnished in any length, in diameters of 10 to 36 in., 
pitch 1 to 4 in., and of the following sizes of wire: 
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Ciage 

Diameter of 
wire, 
inches 

Weight of 
wire, pounds 
per foot 

Practical 

equivalent, 

inches 

Gage 

Diameter of 
wire, 
inches 

Weight of 
wire, pounds 
per foot 

Practical 

equivalent 

inches 

7/0 

0.4900 

0.6404 

3-2 round 

i 

0 

0.3065 

0.2506 

^6 round 

5/0 

0.4305 1 

0.4943 

Ke round 

3 

0.2437 

0.0466 

K round 

3/0 

0.3625 1 

0.3505 

round 






Hennebique System. — One of the pioneers in concrete construction in Europe is Mr. 
Hennebique, in France, and the system which still bears his name is shown in Fig. 54. 



Fig. 56. — ^Luten truss. 


Pin-connected System. — Reinforcement in the pin-connected system consists of bars 
made into a truss and ready for placing in the forms (see Fig. 55). 

Luten Truss. The Luten truss is shown in Fig. 56. The bars are rigidly locked together 
to form the truss by a clamp, with a wedge that is self-locking when driven home. The truss 
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is especially adapted to highway culverts and bridges and is put out by the National Concrete 
Co. 

Xpantruss System. The truss by this name is shown in Fig, 57 and is applicable chiefly to 
beams, girders, and heavj' slabs. This system is patented by the Consolidated Expanded 
Metal Co. 




Fig. 57. — Xpantruss system. 


CEMENT MORTAR AND PLAIN CONCRETE 
By H. E. Pulver 


Concrete, as used in construction, is a mixture of cement, water, and fine and coarse 
aggregates. The cement is usually a standard Portland cement; the fine aggregate, a sand; 
and the coarse aggregate, a crushed stone or gravel. 

Cement mortar is a mixture of cement, water, and a fine aggregate (usually sand). 

136 . Formative Processes in Concrete. — Perhaps the easiest way to consider a concrete 
mixture (or cement mortar) is to think of the cement and water as forming a ^‘glue” or paste, 
which, upon hardening, acts as a binder cementing the particles of the aggregate into a perma- 
nent mass. Diagrammatically, the formation of the concrete or mortar is as follows : 



Impurities 

Physical 

treatment 


Impurities 

Physical 

treatment 




L 

Concrete 


Mortar 
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If a comparatively large amount of water is mixed with, the cement to form a '^glue, ’ or 
paste, the glue will be thin and watery, and, though it will “glue” together a comparatively 
large number of particles of aggregate, the strength of the glue and the strength of the resulting 
concrete will be low. Likewise, if a comparatively small amount of water is used, the glue will 
be thicker and stronger but will not bind or glue together such a large number of particles of 
aggregate. _ .... 

The hardening of a Portland cement mortar or concrete is due to a chemical reaction 
between the cement and the water. The rate and the amount of hardening depends upon 
several things such as the proportions of cement and water, temperature, quality of cement, 
presence of impurities, thoroughness of mixing, care in placing, and care and protection when 
curing. 

137. Qualities Desired in Concrete. — The three fundamental qualities of good concrete 
are strength, durability, and economy. The concrete must be strong enough to carry the 
load, durable enough to last for years, and economical especially in regard to cost. 

Other desirable qualities are water tightness, resistance to wear, bond strength with steel, 
workability, and uniformity. Fortunately, the qualities of water tightness, wear resistance, 
and bond strength with steel parallel the compressive strength of the concrete. 

To secure good concrete it is necessary that good materials be used. ' These materials 
must be correctly proportioned, thoroughly mixed, carefully transported and placed, and ade- 
quately cured. Failure to meet any one of these requirements will probably result in poor 
concrete. 

138. Strength.— The strength of a plastic and workable concrete mixture depends pri- 
marily upon the water-cement ratio — that is, the ratio of the water to the cement, commonly 
spoken of as the number of gallons of water per sack of cement. The Portland Cement Associa- 
tion states the water-cement ratio strength law as follows : 

For given materials and conditions of manipulation, the strength of concrete is determined solely by the ratio 
of the volume of the mixing water to the volume of the cement as long as the mixture is plastic and workable. 

The curves in Fig. 58 show the relation between the 28-day unit compressive strength of 
concrete and the water-cement ratio. DiiBferent materials will give slightly different curves 
from the ones shown in Fig. 58, but concrete mixtures of good materials properly proportioned, 
mixed, placed, and cured will give curves nearly parallel to curve A and usually a little above. 
It is desirable to have tests made for each job so that a job curve can be drawn giving the 
relation between the water-cement ratio and compressive strength for the materials to be used. 

Formulas which will give practically the same results as the curves in Fig. 58 for 28-day 
unit compressive strengths are 



S = 

or 

gs = 

and 

S = 

or 

gs = 




gs 

24,400 
S + 1700 


where S = the 28-day unit compressive strength of the concrete. 

gs = gallons of water per sack of cement. 

The strengths of concrete in tension, cross-bending, shear, and bond with steel are governed 
by the water-cement-ratio law, and the curves obtained are usually roughly parallel to the 
compressive strength curves. The approximate ultimate strength of concrete in tension is 
about 10 % of the ultimate compressive strength, in shear about 50 %, and in bond about 10 %. 

The strength of good concrete increases with age as long as moisture is present and the 
temperature is favorable. The increase in strength is very rapid in the early age and continues 
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more slowly for an indefinite period. The curves shown in Fig. 59 illustrate the increase in 
the compressive strength of concrete with age. 

The following formula was developed by Slater from experimental data to show the 
approximate relation between the 7- and the 28-day unit compressive strengths of concrete: 

>Si 28 = aS? -h SO-x/^S: 

where S 7 and ^28 are the 7- and 28-day unit compressive strengths respectively. 



The effect of a variation in the time of mixing on the 28-day umt compressive strength of 
concrete is shown graphically in Fig. 60. These curves show that there is a fairly rapid increase 
in strength for different periods in mixing up to about 2 min., after which the increase is less 
rapid. Mixing as long as 25 to 30 min. does no harm. 

The effect of curing conditions on concrete cannot be overemphasized. The concrete 
should be kept damp if possible for a week to 10 days in ordinary construction, so that enough 
water will be present to permit the slow proc^^ of chemical hardening (hydration). If the 
concrete* is allowed to dry out too soon, part of its potential strength will be lost. Damp 
curing, particularly in the early stages of hardening, is essential and aids in securing a hard, 
dense surface and in preventing checking and dusting. 
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The effect of temperature during the curing period is shown by the curves in Fig, 61. 
Note that concrete allowed to harden at a temperature near freezing for 28 days will be only 
about 60 % as st rong as a like mixture hardened at 70 deg. F. The curves in Fig. 61 show that 
it is advisable to keep the temperature above 50 deg, F. on construction work, especially during 
the early stages of curing. 



Id I4d I8d 5m. 6m. ly. Zy. 5y 5y. 

Age at Test - Jog. scale. 

Fig. 59. — Increase in compressive strength of concrete with age. 



Fig. 60. — Typical relation between time of mixing 
and compressive strength of concrete. 



Fig. 61. — Effect of temperature during curing period 
on the compressive strength of concrete. Data taken 
from BvZletin No. 81, Engineering Experiment Station, 
University of Illinois. 


139. Durability. — The durability of a concrete mixture depends primarily upon its resist- 
ance to weathering conditions. In general, a concrete that is water resistant will prove to be 
durable if the concrete is made of proper materials. Tests have shown that a concrete mixture 
having a water-cement ratio of about 6.75 gal. per sack of cement or less is practically water 
tight and durable -for ordinary plastic, workable mixtures. The water-cement ratio has con- 
siderable influence upon the durability. It is understood that the cement, water, and aggre- 
gates are of good quality and that the mixture is correctly proportioned, mixed, placed, and 
cured. 
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The Portland Cement Association recommends the following water-cement ratios for 
different types of structures or degrees of exposures : 


Classes of Concrete for Different Degrees of Exposure 


Class of concrete 
(expected strength at 
i’8 days, pounds per 
square inch) 

Maximum quantity* 
mixing water U. S. 
gallons per sack of 
cement (94 lb.) 

Type of structure or degree of exposure 

3000 

6 

1 

Roadways, piles, pressure pipe, and tanks. Thin structural 
members in severe exposure. Walls, dams, piers, etc., where 
exposed to severe action of w'ater and frost 

2500 

m 

Sewers, bridges, walls, dams, piers, etc , for all weather condi- 
tions and moderate action of water and frost 

2000 


Ordinary enclosed reinforced concrete buildings. Bridges 
and retaining w'alls of heavy sections in moderate exposure 

1500 


Mass concrete, basement walls, etp , protected from water or 
severe weather conditions 


*Free water or moisture carried by the aggregates must be included as part of mixing water. 


140. Economy. — The economy of a concrete mixture, other things being equal, depends 
primarily upon the grading of the aggregate, so that as large an amount of the aggregate can 
be used as practicable without affecting the strength or workability of the concrete. As 
aggregates cost less than cement, the larger the proportion of aggregate the less the cost of the 
concrete. 

For a concrete mixture to be workable, the fine aggregate should not be more in volume 
than the coarse or less in volume than half of the coarse aggregate. Usually, if the fine aggre- 
gate is more in volume than the coarse aggregate, the mixture will be “oversanded” and 
uneconomical. xAlso, if the fine aggregate is less in volume than half of the coarse aggregate, 
the mixture is generally harsh and not workable. 

For good economy, as large a size of coarse aggregate should be used as practicable, and as, 
small an amount of fine aggregate mixed with the coarse aggregate as will be satisfactory to 
give a mix of the desired workability. 

141. Water Tightness. — Investigations and tests have shown that a concrete mix having 
a water-cement ratio of 6.75 gal. per sack of cement or less will usually be water tight for all 
ordinary purposes. If the concrete is to be subjected to severe action of water and frost, the 
water should be reduced to 6 or even 5.5 gal. per sack of cement. 

The grading of the aggregate also has some influence on the water tightness of the concrete 
mix. There should be a sufiScient amount of fine particles, as it has been found that a slight 
excess of fine particles tends to make the mix more water tight. If the aggregate is deficient in 
fine material, some fine material should be added in the form of cement, hydrated lime, clay, 
fine earth, puzzolan cement, feldspar, or other waterproofing materials such as are on the 
market. 

In addition to the proper proportioning of the mixture, the concrete may be made more 
waterproof or water repellant by the addition of integral compounds to the mixing water, such 
as an alum soap solution, lime chloride, wax, mineral-oil residuum, or other manufactured 
compounds. 

The surface of the concrete may be waterproofed by the addition of waterproof coatings 
such as alum, lye, and cement washes; alum and soap mixtures; cement grout, with or without 
a water repellant; paraffines, waxes, or other mineral bases applied in a melted condition or 
cold in a solution; various varnishes or paints; coatings of tar, asphalt, or oil; asphalt mastic 
or by adding layers of felt and asphalt or tar compounds. 

142. Workability, — If a concrete mixture is not plastic and workable, the mixture is 
difficult to handle and place. Also, if the mixture is very harsh, the water-cement-ratio law 
win probably not apply in regard to strength and water tightness. 
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The relative workability or consistency of a mixture may be measured by the slump test, 
provided that the mixture is not harsh. ^Tiile the slump test is not an absolute measure of 
workability, it is about the best test yet discovered. Under conditions of uniform operations, 
the slump test will indicate changes in the character of the materials, in the water content, or in 
the proportions. 


The Portland Cement Association recommends the following slumps for concrete; 
Recommended Slumps for Concrete 


Type of structure 

Slump, inches 

Minimum 

Maximum 

Massive sections, pa.vements and floors laid on the ground 

1 

4 

Heavy walls, slabs, beams 

3 

7 

Thin walls, columns, etc ... 

4 i 

8 


The correct amount of mixed aggregate to use for any one batch can be found by cut-and- 
try methods, using the slump test. 

When the water-cement ratio is specified, the workability of a batch is governed by the 
amount of aggregate added and by the grading or the relative proportions of the fine and coarse 
aggregates. The mixture must not be too harsh for proper placing or contain too much fine 
’igg^egate for proper density. 

The best proportions of fine and coarse aggregate to use may be found by mixing trial 
batches to find which will give the greatest yield for a given slump. In general the ratio of 
coarse to fine aggregate will be within the limits given by the following table : 


Recommended Proportions op Aggregates 


Maximum size of coarse aggregate, 
inches 

Ratio of coarse to fine on basis of dry-compact volumes 

Minimum 

Maximum 

H 

0.40 

0.80 

H 

0.60 

1.50 

1 and over 

1.00 

i 2.00 


143 . Uniformity. — Uniformity in concrete mixes means uniformity in materials (cement, 
water, fine and coarse aggregates), in measuring materials, in mixing, in transporting, in placing, 
and in curing. Variations in the amounts or qualities of the materials in the batches as well 
as in the mechanical processes of mixing, handling, and curing of the mixture will produce 
variations in the strength and other properties of the resultant concrete. Careful attention 
to uniformity aids in securing concrete which will be economical and as designed. 

144 . Control of Concrete in Construction. — Satisfactory control of concrete in construc- 
tion work depends upon the following factors: 

Materials. 

Proportioning. 

Measuring and mixing. 

Transporting. 

Placing. 

Curing. 

Follow-up tests. 
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Materials. The materials for concrete work should be carefully chosen in regard to 
quality, quantity, uniformity of supply, and availability. 

The cement should be a Portland cement conforming to the Standard Specifications and 
Tests for Portland Cement of the American Society for Testing Materials. 

The water should be suitable for drinking purposes, unless it is shown by test or exp>erience 
that other waters are satisfactory. 

The aggregates should satisfy requirements in regard to kind of materials, grading, cleanli- 
ness, presence of impurities, uniformity of supply, location of source of supply, quantities 
available, and capacity for delivering uniform and adequate quantities at the job. Tests should 
be made for grading, silt, and organic matter. In general, satisfactory aggregates will conform 
to the specifications of the American Society for Testing Materials. 

The cement on the job should be stored in a weathertight building. The aggregates may 
be stored in bins or stock piles where they will be protected from impurities such as dirt, organic 
matter, etc. 

Proportionhig . — The proportioning of the concrete mixtures must be carefully done to give 
batches of desired strength and workability for the particular job in question. 

General rules for the proportioning of concrete mixes are as follows : 

1. Use Portland cement, water, and aggregates of good quality. 

2. Base the strength on the water-cement ratio. Make due allowance for the water in 
the aggregates. 

3. Base the required workability of the mix on the particular job in question, using a mix 
as dry as practicable. The sliunp test may be used as a measure of workability. 

4. Add mixed aggregate to the cement and water to give the desired workability. 

5. For economy, grade and combine the fine and coarse aggregates so that the greatest 
proportion of mixed aggregate can be used and yet have a mix of the desired workability. 

Measuring and Mixing . — The choice of equipment for measuring and mixing concrete 
materials will depend upon the size and kind of the particular job and upon the requirements 
as to control and uniformity. No method of measurement yet discovered is 'Tool proof,” 
and care must be exercised at all times, regardless of the method selected. 

Portland cement is usually measured by the sack, 1 sack (94 lb.) to be considered as 1 cu. ft. 

Aggregates may be satisfactorily measured by weight or by volume. Batcher plants are 
coming into common use and are satisfactory. The choice of measuring by weight, by volume, 
or by volume using the inundation method for sand and water will depend upon the equip- 
ment available and upon the opinion of the contractor or engineer. If an inundator is not 
used, allowance must be made for the bulking effect of moisture in the sand when measuring 
by volume. 

Water may be measured by weight or by volume. Perhaps the more common way is by 
volume. Accurate control of the mixing water is of extreme importance, especially when the 
mixture is designed according to the water-cement-ratio law. Corrections must be made for 
the moisture content in the aggregates. Moisture tests should be frequent when the stock 
piles of aggregates have been subjected to rains or to rapid drying out. Many concrete mixers 
are provided with water-measuring devices which can be set and locked and which will not 
permit the passage of water into the mixer except at the prop)er times. The water measurement 
should be such that the water content in any one batch will not vary more than gal. (about 
2 lb.) per sack of cement. 

Good batch mixers of small, medium, and large sizes are available, so that the correct size 
of mixer can be selected for the job in question. In a batch mixer the mixing is done by the 
rotation of the drum or by moving paddles or blades, the material being raised, cut, and turned. 
The mixers may be charged by a hopper or a lifting skip and discharged by a spout or by tilting 
the drum. The water is usually added from a tank, preferably an automatic one, commonly 
placed over the mixer. The speed of the drum should be about 200 ft. per min. If the rotation 
is too fast, the materials will tend to be held next to the rim, while if the rotation is too slow, 
more time will be required for thorough mixing- The time of mixing should not be less than 1 
min., and more time is advisable when mixing concrete that is to have a high early strength or 
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that is to be water tight. The mixer should not be overloaded. It should be cleaned at the 
end of the work and at the end of each day’s run. 

Transporting Concrete. — The transportation system should be so designed and operated 
that the concrete will be carried from the mixer to the forms before initial set has occurred. 
No part of the concrete should be lost, and there should be no segregation of materials. Also, 
the work of transporting the concrete should be efficiently, rapidly, and economically done. 
The choice of a transportation system depends upon the particular job and upon the plant 
available. Sometimes the transportation plant used affects the design of the mix, chutes 
often requiring a mix with a larger slump than when carts and buckets are used. 

Placing Concrete. — Careful placing of the concrete is of great importance and requires 
careful supervision to prevent segregation, to see that the concrete flows readily in the corners 
and angles of the forms and around the reinforcement, and to see that it is placed in even 
layers of the desired thickness. 

Frequently, when the concrete is placed in deep layers, water will collect on the top of the 
concrete due to the increased pressure in the lower portions. The extra water should be 
removed, as this excess water is just as objectionable as excess mixing water. Sometimes it 
may be advisable slightly to reduce the water content of the following batches. 

Excess water may cause a layer of laitance on the top of the concrete if the work is halted 
for a time (s^-y? overnight or even a few hours). This laitance and a small layer of the concrete 
adjacent should be removed before new concrete is placed. 

The concrete, when deposited, should have a temperature between 50 and 120 deg. F. 

Curing. — After the concrete is placed, it must be allowed to ^‘cure or harden. This 
hardening is a rather slow process, and the fresh concrete should be protected for a week or 10 
days from shocks, excessive vibration, loads, extreme heat, cold and freezing temperatures, too 
rapid drying out, and contact with impurities which may retard, stop, or destroy the chemical 
action. 

The Portland Cement Association recommends that the fresh concrete be allowed to 
harden in the presence of moisture for the first 10 days. 

Forms for concrete should not be removed until the concrete has hardened sufficiently to 
carry its own weight and the loads which may be placed upon it. The following table gives the 
approximate lengths of time that forms should be left in place. 


Time Required before Removing Forms 


Member 

Temperature 

Above 60 des- F- 

45 to 60 deg. F. 

Less than 

45 deg. F. 

Required time, days 

Compression, members such as columns and walls 

Side forms of frames and girders 

Bottom forms of slabs of short span 

Bottom forms of beams and girders. ... * 

1 

4 to 6 

5 to 7 

6 to 10 

7 to 14 

not less than 10 
not less than 10 
not less than 14 
not less than 14 

Not until tests 
have been made 
that show that 
the concrete has 
thoroughly 
hardened 


It is customary to leave some shores in place under the bottoms of the beams, girders, and 
slabs for a week or two after the side and bottom forms have been removed. 

Follow-up Tests. — Whenever practicable, follow-up tests should be made to check up on 
the control of concrete in the field. These tests should include some tests of each daily opera- 
tion and also some specimens during an occasional day's operations to give the daily variation. 
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After the work has been well organized and the quality of the concrete well established, the 
number of tests and specimens may be reduced. 

The test cylinders (usually, 6 in. in diameter and 12 in. high) should be made, stored, and 
tested in accordance with the requirements of the American Society for Testing Materials for 
"‘Standard Methods of Making and Storing Specimens of Concrete in the Field” and for 
"‘Standard Methods of Making Compression Tests of Concrete.” 

The moisture content of the test cylinder has a decided influence on the compressive 
strength. A saturated specimen will show a strength from 20 to 30 % less than when tested 
dry. The standard procedure calls for the cylinders to be tested just as they are taken from 
the moist room or wet sand. 

145. Miscellaneous Properties of Concrete. Absorption . — The absorption of water by 
plain concrete may be comparatively small or great, depending upon the density of the concrete, 
richness of the mix, kind of aggregates used, proportioning, thoroughness of mixing, and care 
used in placing and curing. In general, the factors that tend to make a concrete water tight 
will also tend to make it non-absorptive. 

Expansion and Contraction . — Concrete may shrink a little when hardening in air and may 
keep the same volume or expand a little when hardening in water. Tests have shown that 
the shrinkage of concrete mixtures cured in air varies directly with the richness of the mix and 
inversely with the size of the aggregate, the greater effect being caused by the aggregate. Rich 
mixes will shrink more than lean ones. The effect of the size of the aggregate is approximately 
as follows: 

Mixtures with IJ'^-in. aggregate will shrink about 0.6 in. per 100 ft. 

Mixtures with J^-in. aggregate will shrink about 1.2 in. per 100 ft. 

Neat cement paste will shrink about 2.4 in. per lOO ft. 

The coefficient of expansion for concrete is about 0.000006 per deg. F., and this coefficient 
varies but little for the different mixes and aggregates commonly used. 

Abrasive Resistance . — The abrasive resistance of the concrete depends primarily upon the 
abrasive resistance of the mortar, which, in turn, depends upon the ability of the cement to 
hold the sand grains together and also upon the abrasive resistance of the sand grains them- 
selves. When the surface of the concrete is worn away so that the coarse aggregate is exposed, 
the abrasive resistance then depends partly upon the abrasive resistance of the coarse aggregate. 

Weight per Cubic Foot . — The weight of good sand and crushed stone or gravel concrete 
varies from about 135 to 160 lb. per cu. ft., with an average value of about 145 lb. per cu. ft. 
for plain concrete. Concrete made from cinders, slag, and other light-weight aggregates will 
have a lesser unit weight than the values given. 

146. Effects of Various Substances on Concrete. — The effects of various substances upon 
concrete may be divided into two classes: (1) the effect of various substances mixed with the 
concrete and (2) the effect of various elements on the hardened concrete. 

Effect of Mixing Various Substances in Concrete 

Air. — Air is commonly present in the form of air voids. Much of the air can be removed 
by thoroughly compacting the concrete in the forms. 

Clay and Silt. — A little finely divided clay or silt tends to make the concrete (especially 
the leaner mixtures) more water-tight and workable. An excess of clay or silt (say, more than 
10 %) may cause a decided loss of strength. 

Loam and Dirt. — These materials, if organic matter is not present, have about the same 
effect as clay and silt. Loam and dirt should be excluded from concrete mixes, however, 
because some organic matter is usually present. 

Lime.— Unhydrated lime (quicklime) should never be added to a concrete mix, as the 
expansion of the lime when hydrating will probably cause expansion and disintegration of the 
concrete. Thoroughly hydrated lime has about the same effect as clay and is preferable to 
clay. 

Organic Matter. — All organic matter should be excluded from concrete mixtures, because 
as small an amount as Mo to 1 % may be injurious. 
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Mica. — A small amount of mica in a concrete mixture will cause a decided loss of strength. 

Sugar. — A small percentage of sugar in a concrete mixture greatly reduces the strength 
and durability of the concrete. 

Sea Water. — It is not thought advisable to use sea water as mixing water for concrete, 
though some tests have not showm a very great loss in strength. 

Salt Water, — Mixing waters, containing more than a few per cent of common salt in solu- 
tion, may cause a decided loss of strength. 

Acid and Alkali Waters.— Mixing waters containing much acid or alkali frequently reduce 
the strength and durability of the concrete. 

Effect of Various Substajices o?i Hardened Concrete 

Frost. — In general, freezing has but little effect on good hardened concrete made from 
mixtures having a water-cement ratio of 6.75 gal. per sack of cement or less. Freezing and 
thawing of wet and comparatively porous concrete frequently causes disintegration and spall-' 
ing of the exposed surfaces. 

Fire. — Good concrete is little affected by fire for temperatures under 1200 deg, F. (as hot 
as an ordinary fire). Fire causes a change in a thin layer on the outer surface of the concrete, 
and this layer then serves as a protection for the remainder of the concrete. Aggregate, which 
will bum or disintegrate at temperatures less than 1700 deg. F should not be used in concrete 
which may be exposed to fire. In some instances, expansion and contraction, due to the 
application of fire and streams of water, may cause trouble. 

Sea Water. — Sea water appears to have but little effect on good dense concrete made from 
mixtures having a water-cement ratio of about 6 gal. per sack of cement or less. Poor concrete 
often disintegrates when exposed to the action of sea water. 

Alkali. — Alkali water has about the same effect as sea water. 

Acids. — In general, good, dense, thoroughly hardened concrete is effected only by such 
acids as would seriously injure other materials. 

Oils, Greases, and Miscellaneous Liquids. — For the effect of oils and miscellaneous liquids 
on hardened concrete and the method of protective treatment where required, the reader is 
referred to Appendix 17 of the 1924 Report of the Joint Committee on Standard Specifications 
for Concrete and Reinforced Concrete. 

147. Quantities Required per Cubic Yard. — The common units of measurement for concrete 
mixes are the cubic foot and the cubic yard. One sack of cement (94 lb.) is considered as 1 
cu. ft. One barrel of cement contains 4 sacks. 

The following rule may be used in computing the quantities of materials required for 1 
cu. yd. of concrete. The proportion of cement, c, is taken as unity. 

Sacks of cement per cubic yard of concrete 

42 

- C = , - -T 

c + s + ^ 

Cubic yards of fine aggregate per cubic yard of concrete 

^ 1.55 X c _ C X s 

- ^ - o-VsA- 9 27 

Cubic yards of coarse aggregate per cubic yard of concrete 

^ 1.55 y. g C X g 

~'^c +s +g~ 27 

When c, s, and g are the proportions by volume of cement, fine aggregate, and coarse 
aggregate respectively. 

If the proportions by volume are for cement and mixed aggregate, the volume of the mixed 
aggregate may be taken equal to the volume of the concrete, and the volume of the cement 
based on the volume of the mixed aggregate. For example, a 1 : 5 mix by volume of cement to 
mixed aggregate would require, for 1 cu. yd. of concrete, 1 cu. yd. of mixed aggregate and or 
5.4 sacks of cement. 

The rule which follows may be used when computing weights of materials per cubic yard 
of concrete (assuming a cubic yard of concrete to weigh 4000 lb.). The proportion of cement, 
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c', is taken as unity, and c', s', and g' are the proportions by weight of cement, fine aggregate, 
and coarse aggregate respectively. 

Sacks of cement per cubic j^ard of concrete 

= C' = 

c' + s' 4- 9' 

Tons of fine aggregate per cubic yard of concrete 

^ „ 2s' C' X s' 

c' + s' + ^ “ 21.25 

Tons of coarse aggregate per cubic yard of concrete 

^ C' X g' 
c' + s' + 21.25 

To reduce sacks of cement to pounds, multiply by 94 

The water may be measured in cubic feet, gallons, or lb. One cubic foot of water may be 
considered as containing 7.5 U. S. gal. and weighing 62 o lbs. One U. S. gallon contains 231 
cu. in. and may be considered as weighing 8.35 lb. Water contained in the aggregates must 
be considered when -measuring mixing water for any batch. 


REINFORCED CONCRETE 

By Nathan C. Johnson 

As pointed out in the preceding chapter, concrete has low strength in tension, though high 
strength in compression. To overcome the weakness of plain concrete in tension, steel is 
added.' This addition is usually in the form of bars, embedded in the concrete mass while 
plastic and in quantities dependent upon the nature and magnitude of the stress to be sustained. 

148. Steel as a Component Material. — Fortunately for the success of the combination, 
steel possesses substantially the same coeflScient of expansion as does concrete. This means 
that one relationship is established between steel and its surrounding concrete, variations in 
temperature will not alone bring about its disturbance, but that the two will co-act. It is 
possible, however, that stress might bring about a change; and in order to minimize these 
possibilities, the bars are usually of ^‘deformed," or irregular section, in order to assist the 
natural bond formed with the encasing materials, the steel in all cases acting as an aggregate of 
special forms and qualities, held in place and made of value by the same *^glue" that acts on 
other aggregates. 

149. Concrete as Fire Protection for Steel. — A further advantage is obtained with this 
combination in that concrete, which has a low heat conductivity combined with rigidity, acts 
as a “fireproofing " for the embedded steel, enabling it to continue unimpaired its stress-resisting 
functions under conditions, as in a fire, where steel not thus protected would speedily become 
soft and useless. 

160. Concrete as a Rust Protection for Steel.^ — Where moisture and oxygen have access 
to steel, rusting is unavoidable. Steel encased in a dense concrete, however, rusts little if any, 
due partly to the chemical effect of lime hydrate derived from the cement, but more particularly 
to the prevention by the surrounding concrete of water having access to the steel. But where 
concrete is porous, rusting proceeds. And rusting results further in expansive pressure, so 
that not only is the steel destroyed to greater or less extent by the rusting, but the protective 
casing is also split off by the same agency. 

161. Concrete of Proper Quality the Prime Requisite. — It is evident from the above that 
in the concrete-steel combination, proper quality of concrete is of first importance. Reinforce- 
ment plays its chief part by functioning in tension. It cannot function alone in compression, 
nor is it able to withstand, without proper bedment in concrete of good quality, the destructive 
agencies above noted. Reinforcement should be given its proper dues, but the use of reinforce- 
ment confers no license to violate the rules of the proper making of concrete, nor by its use is a 
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new and magical substance created. The first step in the successful use of reinforced concrete 
is to cover the reinforcement with the best concrete that can be produced, which involves all 
the factors set forth as influencing concrete when made without steel. 

152. Weight of Reinforced Concrete. — Reinforcing steel adds from 3 to 5 lb. per cu. ft. to 
the weight of plain concrete, when used in usual quantities. Reinforced concrete is assumed 
in design to weigh 150 lb. per cu. ft., but this again depends upon the density of the concrete 
surrounding the steel and upon the aggregate employed in it. Special light-weight aggregate 
employed by the U. S. Shipping Board in constructing reinforced concrete ships is said to have 

a weight as low as 100 lb. per cu. ft. • , t> 

153. Unit Stress Values for Reinforced Concrete.— See the Joint Committee’s Report, 

Appendix J. 


CONCRETE BUILDING STONE 
By Harvey Whipple 

A changing economic situation has in recent years been greatly to the advantage of concrete 
masonry unit production. Concrete has had widespread acceptance, not only in the standard 
dimension units of brick, light-weight structural tile, and the older and heavier block, but also 
as made to detail and dimension to meet exacting specifications for highly architectural 
requirements. 

Concrete building imits were first accepted as a substitute for other more thoroughly 
established materials. They are now generally used in both large and small centers on an 
equal or preferred basis. 

Along with economic conditions which have made possible the use of concrete building 
units there have been changes within the concrete masonry unit industry: Sizes, methods, 
machines and quality have been standardized; capital and able management have replaced 
small producing plants with large manufacturing establishments; the multiplied economies of 
quantity production have fostered refinements of control and emphasized the importance of 
scientific knowledge, so that the gross savings, which in small-scale production were insignificant, 
become a substantial and often a sufficient profit. Thus, the industry honestly earns its way, 
and the economic tide toward concrete has been swelled by economic advantages which remained 
undiscovered until production ^^by the million’’ became a fact. The development of light- 
weight aggregates — cinders, burned clay and slag- — ^have contributed much to the usefulness 
and adaptability of concrete masonry units. 

154. Grades of Concrete Building Stone. — Superior grades of concrete stone building 
units are made to measure from architects’ details and are surface dressed to reveal texture 
and color. They rival natural stone in every way and, in many instances, are far less likely to 
suffer discoloration and disintegration from exposure to the atmosphere and to frost. There 
is a great difference between such concrete stone building units and the ordinary concrete build- 
ing block, made in machines or multiple molds in standard unit sizes. Again while there is a 
great difference among products of standard machines or multiple molds, depending upon the 
manufacturer’s choice of field, there is a steady improvement in standards in each class of 
materials. Each of the various grades and kinds of concrete stone are to be had in some local- 
ities, while in others, one grade or kind dominates. Each one of them has its uses. 

156. Uses of the Cheaper Grades of Concrete Stone. — There has been increasingly general 
acceptance in municipal building codes of the standards of quality set up by the American 
Concrete Institute for concrete brick, block, and structural tile. Except in rural communities, 
there is a decreasing use of the old rock-face block, which, as an outcome of a desire to imitate 
other material, did much at one time to injure the standing of concrete building units generally. 

Production of standard-dimension, machine-made block, brick, and tile is chiefly in plain, 
serviceable units, either for facing with stucco or other material or for purely utilitarian walls 
where a special covering is dispensed with. 
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Units with, surfaces of special mixtures to meet more exacting requirements as to appear- 
ance without veneer are made and used in large quantities but are a small percentage of total 
production. 

High-quality dimension stone has had very intelligent development in some centers and 
has steadily gained favor with architects for important work. 

There is a wide range of kind and quality in the dimension stone market, varying with 
the developments in technique by individual manufacturers and with proximity to the sources 
of competitive materials of various degrees of structural and architectural merit. In general, 
it may be recorded that concrete trim stone may be and is made as good as the market demands 
—some of it dense and non-staining and testing higher than oOOO lb. per sq in., while other 
products are porous, friable, and test a scant 1000 lb. 

Variations in quality and lack of conformity to any jBxed standard are expected to yield 
to efforts of some of the more progressive manufacturers through the American Concrete 
Institute which has adopted (Feb. 1929) “Tentative Specifications for Cast Stone’' requiring 
5000 lb. per sq. in. compressive strength at 28 days^ testing 2-in. cubes or cylinders and an 
absorption of not less than 3% nor more than 79c of water by dry weight of the specimen in 
accordance with a specified test procedure. 

166. Methods of Manufacture. 

156a. Dry-tamp Method. — “Dry-tamped” products have been by far the most 
common. In earlier days, tamping was often inadequate, mixtures too dry, and materials 
too fine to produce units which would compete favorably even with common brick. With 
the advancement of the industry has come better machinery and a better understanding of 
the means which ensure products of a high-standard quality. It has been fortunate that 
economy is achieved by a scientific grading and proportioning which give a better concrete with 
less cement. Coarser, better-graded aggregate cuts down the cement proportion. More water 
in the mix, better tamping, and better curing conditions have worked in the same direction. 
The whole course of progress in the refinement of production methods has favored the larger 
manufacturing enterprises, where substantial profits have been made of what was wasted in 
many small plants where quality control was not practiced. Thus, the so-called dry-tamped 
concrete unit has come into better favor. While in reinforced concrete and in mass concrete 
construction generally, Abrams' water-cement-ratio theory^ has been taking water out of the 
batch and giving better concrete for less investment in cement, the dry-tamped block manu- 
facturers have had to study the dry side of the water-cement-ratio curve. Under a necessity 
to use a mix stiff enough to stand up immediately after molding, it has been discovered that 
coarser, wetter mixtures could be used successfully. Hand tamping is less and less used; 
machine tamping has been improved. 

''Stripper*^ Block . — If block or tile are to be produced solely for structural purposes, probably the simplest 
molding operations are attained in that type of machine which produces the block upright in the mold and in the 
machine introducing and removing the cores forming the boUow space in upward and downward motions. Thus 
the faces of the block are always perpendicular to the bed of the machine, and tiie block is “stripped” out of the 
mold with a trowelling action on its sides. Such equipment permits the use of concrete of more nearly ideal con- 
sistency than tamp equipment of other types. 

Paced Block . — When block are to be produced faced with a special facing mixture, used only in a thin layer 
next to the exposed face or faces, the machine chosen will be of the face-up or face-down type. It will readily 
be seen that wnere a layer of special material is to be backed up with a different body mixture of concrete, the mold- 
ing operation will be much more simple if the facing is placed in a layer on the bottom or else on the top; in either 
case on a horizontal surface. Where more than one side of a block is to be faced it is, of course, a comparatively 
simple matter, but less rapid, to put the facing at the side. 

Operation of Cores . — The manufacture of hollow units, in which from 25 to 50 % or more of the horizontal area 
of a block is air space, involves a variety of machine features in the creation of air spaces. 

In most machines the cores are introduced into the mold box by a movement of a lever after a part of the mixed 
concrete has been deposited and compacted. The remaining space between, around and above the cores is filled 
and compacted and the excess material struck off, either by a movement of a hand straight-edge or by a device 
forming a part of the machine. The “feed” of the concrete has been a special study recently by an American 
Concrete Institute committee. 
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Some machines provide for the withdrawal of these cores horizontally, and some equipment is so designed that 
after the box is filled the mold box is turned over; the core is then removed by a downward motion. The chief 
value of equipment which provides that the cores shall be withdrawn downward is in the fact that the walls and 
the cross-webs of the block stand vertically on the pallet before the support of the cores is removed. Tnis reduces 
the tendency of the walls of the block to sag into the hollow’ space or spaces. Such equipment usually permits the 
use of a slightly wetter mixture of concrete than can be used in a machine with similar core areas where the core 
is withdrawn horizontally, inasmuch as, with given materials, the tendency to sag increases (beyond a certain degree 
of minimum wetness) with the proportion of water in the mixture. 

The cores, as the block is molded, are in a horizontal position and the block in its vertical dimension is thus 
also in a horizontal position. 

156&. Pressure Method.— -The application of pressure in compacting concrete 
is accomplished in both hand and power driven equipment. Pressure machines are made for 
the exertion of mechanical pressure by hand or power, and other machines are hydraulic in their 
application of pressure. 

In their operation it is generally possible to use a slightly wetter mixture than can be suc- 
cessfully manipulated under most machines which rely upon tamping in securing density, yet 
in this, as in tamp machines, much depends upon how the product is released from the mold. 
Too wet a mixture in a dry-tamp machine will be displaced by tampers, rather than compacted. 
In pressure machines the compacting force is exerted evenly over the entire area of the mold 
box, and displacement is impossible. 

ISec. Wet^ast Method. — ‘"Wet-cast” products are made by two distinctly 
different methods and with entirely different results. 

To meet the criticism of concrete block made by the ‘"dry-tamp’^ method that they were 
made so dry that they were thirsty in every rain that followed (which was undoubtedly true of 
many products), multiple steel molds came into use. These gang molds are ordinarily made of 
sheet and pressed steel. The molds are usually mounted upon trucks so they may be moved to 
the mixer, filled, and rolled away to harden until the following day when the mold sections are 
taken down, oiled, and reassembled. Such multiple molds have cores formed also of pressed 
steel and these lie in the molds in a horizontal position. To fill the molds rapidly around these 
cores the block manufacturer frequently goes as far to the extreme of wetness as the dry-tamp 
manufacturer goes in the other direction. 

The other wet mix method of manufacture involves the use of sand molds, not unlike those used in. iron foun- 
dries. The sand mold method involves the making of special patterns, under and around which the sand is tamped 
on the casting floor. Then the patterns are removed in one piece, if it is so-called straight ' work, or in several 
pieces as previously provided to meet the requirements of the special unit. The sand mold remaining is filled with 
a wet but smoothly mixed concrete and most of the excess water is taken up by the mold itself, with a result much 
different from that obtained when an equally wet mix is cast in a tight mold of wood, steel, or plaster. The dis- 
advantages of wet concrete are overcome by means which, before hardening, bleeds the mix of its excess of water. 

167. Consistenoy. — While the study of concrete has led the industry through dry mixes 
which must be tamped and wet mixes which must be puddled, it is now well established that 
Portland cement requires a definite quantity of water to effect its hydration, and that the use 
of water in that quantity, other factors remaining equal, gives a product of maximum strength 
and density. It has been shown by plotting the results of using various percentages of water 
that the quality of the concrete falls off very rapidly on both sides of the peak of the curve. 

The best tamped products will show web-like water markings when released from the 
mold in which it has been compacted. The ideal consistency would cause the concrete to sag 
slightly when released from the mold. The use of such a mix is impracticable with equipment 
which requires the immediate release of the product from the mold. The nearest approach to 
the ideal mix is probably attained in the use of the ‘"stripper” machines, and in the use of 
machines where the concrete is shaped under pressure with no horizontal webs to break down 
over the arches. A very few manufacturers cast trim stone in special wood molds using a 
mixture of practically ideal consistency and with no attempt to remove the mold from the 
product until several hours after placing. The ordinary dry-tamp and ordinary wet-cast con- 
crete generally used in block and stone manufacture are both wrong — they depart from the 
ideal in opposite directions, but for a choice between them it is probably ""six of one and half a 
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dozen of the other.” The tamped product has been improved when the manufacturer has 
used a maximum of water; the wet-cast product has been improved bj’ an insistence upon a 
minimum of water. 

Careful workmanship will admit of using more water in tamped concrete, even with equip- 
ment least adapted by mechanical limitations to the work. The deficiency of water will be less 
disastrous when, the fimshed product is hurried to curing rooms — to atmospheric conditions 
which prevent the concrete, already deficient in water, from losing by evap>oration any of the 
moisture it contains, so that all that moisture may be utilized in hydrating the cement. 

The tamped product will be improved by the perfection of equipment so that a wetter mix 
may be employed. This may be along the line of so-called stripper” machines, the units 
standing with webs and cores vertical. Such equipment now available produces only plain 
units — none with a special facing mixture. Tamped products vdll undoubtedly be improved 
by tamping the concrete in thinner layers than does most available equipment, and by a com- 
bination of tamping and pressing over the whole surface so that the tamper bars will not churn 
and displace more than they compress. 

The wet cast product can be improved by less water and by more thorough mixing. Longer 
and more thorough mixing produces a mixture more easily placed than one with an excess of 
water and inadequate mixing. The rule should be: subtract water and add mixing. Within 
certain l imi ts the same plasticity, the same flowing quality, can be obtained with less water. 
An excess of water and inadequate mixing frequently give a concrete in which the ingredients 
separate — ^water and cement separating from the sand and stone. 

The smoothest flowing concrete in the products field is necessary in the manufacture of 
concrete stone cast in sand molds. 

It is common to let the drum of the mixer turn for a minimum of 5 min; and then to transfer 
the batch to a mechanical agitator (which is really another mixer) suspended from a crane, which 
moves about the casting room where the sand molds are filled. The batch or a portion of it is 
frequently mixed continuously for 15 to 20 min, before being deposited. The concrete so mixed 
is almost fluid, but extremely homogeneous, excess water being at a minimum and almost 
unobservable. When poured, Jf-in. stone does not settle, but remains in suspension and but 
little water comes to the top. When poured into molds it flattens out on top slowly and 
smoothly and not in a soupy rush. In spite of progress in the use of less water in necessarily 
wet concrete, it should be realized that this is not the ideal mix. 

Good building units, suitable for creditable construction and showing qualities under tests 
for both strength and absorption which are satisfactory under rigorous building regulations, 
can be made and are made with each one of the three types of equipment, — tamping, pressure, 
and wet cast. Specifications in general are less insistent on high strengths and recognize other 
qualities as important. Sufficient strength and density to avoid friability and excessive break- 
age in handling is generally considered sufficient for the common uses of the product. Light- 
weight aggregates have tended to increase porosity while reducing capilarity and have con- 
tributed valuable insulating qualities, more valuable in many uses than high strength. 

168. Standard Concrete Stone Units. — Concrete block as usually made in standard 
machine or multiple mold equipment are usually from 8 to 12 in. thick, 8 to 12 in. high, and 16 
to 32 in. long. The 8 X 8 X 16-in. block are the most common. Practically all the machines 
in common use making building block, turn out products that have one or more hollow spaces. 
The value of the hollow space lies in the fact that it economizes material, giving a product of 
much less weight than would be possible if made solid, and in the fact that it provides, as laid 
up in the wall, a series of air ducts which are valuable as insulation. 


Going still further in the development of the idea of air space in the wall, machinery is available to produce 
so-called two-piece block to be laid up in a wall in such a way as to produce a maximum of air space and yet with 
systematic bond of concrete between the two faces of the wall. 

In addition there are structural tile — light, thin-walled, hollow units, which are manufactured rapidly on 
power equipment. The standard unit is commonly 5 X 8 X 12 in. It provides a ready hand hold; lays up rapidly , 
each unit replacing approadmately six brick; saves mortar and, having thin webs and walls, is lighter to transport 
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and to place. Its increasing use has been due to better-quality control methods which have put enough quality into 
the material in thin sections to withstand breakage in shipping and handling. 

Some localities have shoi:^'n a good market for concrete brick, both common and faced in color, but the manu- 
facture and use of concrete brick is not as yet widespread 

169. Materials. — Wliile any standard Portland cement is generally considered suitable 
for concrete building unit manufacture, there has, in recent years, been a strong preference 
among some products manufacturers for cement from certain mills. The block manufacturer 
has been more concerned about 24-hr. strengths than 2S-day strengths. TMiile imiformity 
at the end of the longer period was expected, certain cements w’ere found to gain their strength 
more rapidly than others, and in the handling of small units early strength is important. It 
has been found important, too, that a cement develop a certain condition of adhesiveness in a 
minimum time after wetting, a quality which favors successful molding by the tamp method. 
It can no longer be said, therefore, that any standard Portland cement will meet with equal 
satisfaction the requirements of high-speed building unit production. 

Aggregate, besides conforming to the usual specifications as to cleanness, hardness, and character of grading, 
is more strictly limited as to maximum size than in the usual field work. This is true not only because aggregate 
should not be larger than one-half the smallest section of the product, but the size is further limited by the molding 
processes, large aggregates showing a tendency to fall out of fresh products by the tamp process and a tendency to 
excessive segregation in the wetter mixes. In addition, aggregate is chosen for its surface color and texture value 
in products subjected to any special surface treatment where the aggregate is exposed to removal of the covering 
film of cement. 

Besides gravel, crushed stone, and slag as acceptable aggregates, the use of cinders has marked an outstanding 
development in the concrete building unit field Selected cinders are now extensively used, after passing through 
crushing rolls, as a complete aggregate. Cinder concrete, being highly cellular, is light, reducing handling costs 
and providing good thermal insulating quality; is of low capilarity, nailable, greatly simplifying construction; 
provides good mortar and stucco bond; and is shown by tests to be highly fire resistant. Vf bile the strength of 
most cinder units is less than that in which gravel or stone aggregate is used, the strength is ample for many uses 
when good manufacturing control is exercised. The increasing popularity of cinder concrete products has resulted 
in the development of competing light-weight ceDular material — notably burned clay. 

160. Trim Stone and Ornamental Work from Special Molds. — The manufacture of trim 
stone or architectural stone and ornamental objects used in connection with building construc- 
tion or as garden appurtenances to residential architecture is a separate and distinct field of work 
from that involved in making standard building units of any one of the various block types. 

The architect or other prospective user of concrete architectural stone will find, if he 
looks into the matter of its production, that there can scarcely be said to be a standard prod- 
uct. In various localities, from various factories the range of quality is very wide. The char- 
acter of the product varies from concrete trim stone of the very highest quality, not infrequently 
specified for work of a character which it was once thought could be maintained only with 
marble or granite, to the dullest and most highly friable and absorptive products — variation 
not merely in appearance but in the structural quality of the stone — some of it very dense, hard, 
and with the cleanest, sharpest arises and other products porous, friable and ragged at the edges. 

It is not, therefore, wise always to accept the lowest of a number of competitive bids. If the prospective 
user has not seen plenty of evidence of the charadter of the work of the manufacturer whose products he proposes 
using, he will do well to look into the manufacturer’s factory, find out something of his methods, his equipment, 
and the experience he has had in work of a like cnaracter. Big jobs of trim stone production have been let to 
manufacturers who meant well enough but who were utterly lacking in experience or equipment to produce dimen- 
sional casts where the details are intricate. The tentatively adopted specifications of the American Concrete 
Institute and their later refinement will probably do much to correct a very uneven market. 

The experienced manufacturer of concrete trim stone turns out products from molds of wood, metal, plaster, or 
gelatine as the special problem indicates and this is true even in large factories where the bulk of the production is 
from sand molds or wood molds. 

161. Surfaces. — The architectural surface qualities of concrete stone have been highly 
developed, but they have not been generally developed. The dead, pasty gray of the ordinary 
concrete block has been a great drawback to the adoption of the whole field of concrete building 
units. 

It has been assumed and perhaps rightly so, that the common type of concrete building unit 
was thoroughly representative of the possibilities with the material. Yet there are manufac- 
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turers producing standard concrete block units with good surface values in both color and 
texture. They are^ however, in the minority. 

When architects appreciate fully what is possible in the surface treatment of concrete — 
as an increasing number of architects are coming to appreciate through the highly developed 
quahty of products in some localities — ^they will be more keenly aware that it is only for them 
to specify. 

ith a world of special aggregates obtainable from which the architect may draw for 
any kind of color scheme and with numerous methods available for practical use for exposing 
these aggregates in the face of concrete products, concrete stone has a promising future, due to 
one feature alone — the feature of absolute control in manufacture. 

The surfaces of wet cast stone as it comes* from the molds is more pasty and less attractive 
ordinarily than the surface of products made vrith a much drier mix and tamped in the molds. 
This does not apply where special methods are followed to* secure a facing of special aggregate 
that is placed dry and held by the wetter mix put in behind. 



Fig. 62. — An example of fine textiyed concrete Pig. 63. — Machine-made concrete block with 
surface obtained by cutting. coarse limestone — no facing mixture and very 

little sand and cement. 

Concrete stone made^in sand molds must at least be well cleaned up after hardening, as 
parts of the sand mold are found here and there cemented to the stone. The very least in the 
way of surface treatment given such products is a thorough rasping and usually a rubbing with 
an abrasive material. 



Fig. 64. — A cut concrete stone surface. Fig. 65. — Tooled surface of concrete trim stone. 

All exposed surfaces of most high-grade sand-cast stone is cut, revealing the aggregate. 
Stone cutters are employed for the finishing work, using hand or pneumatic tools, bush hammers, 
picks, etc. Stone with plain fiat surfaces are handled by machinery and planed down or cut in 
fine parallel grooves by revolving discs of carborundum. 

Where the aggregate h^^ been graded so as to cover a large percentage of the surface, concrete stone is success- 
fully polished and given a fine gloss by the same methods of grinding, sanding, and rubbing, as are used in the 
natural stone industry in finishing marble and granite. It must, of course, be considered that it is the stone in the 
t.xtrfaoe that takes the polish and not the cement, so that the success of. the result depends a great deal upon the cate 
that has been exercised in getting a mix that will give a high percentage of stone surface. 
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Most of the high quality stones manufactured by the sand molding method is of the same mixture throughout, 
but by far the greater portion of concrete trim stone is made by the tamp method and is faced with one mixture 
and backed up with another. In such work the quantity of special aggregate is relatively small and there are great 
possibilities for very beautiful effects at a small increase in cc«t. 

Facings as most commonly used are mixtures of gray or white cement with fine sand, either white, buff, or 
yellow, or with tne crushed marble. Most of the surfaces are smooth in mixtures of one part cement to 2, 2J^, or 
3 parts of fine aggregate. Color is sometimes obtained in the mortar binding the aggregates by the use of mineral 
color with the cement in small quantities. Such facing mixtures can be vastly improved in two ways: (1) by using 
coarser facing aggregates to give more rugged texture, more the effect of a material made by binding together with 
cement a composite product of natural stone; and (2) by such a treatment of resulting surface as will expose aggre- 
gates to view. 

Most concrete stone has been of cement color and there is no good reason why it should be. The cement is 
merely a binder, a mineral glue. The beauty lies in the particles which are bound together. The cement may be 
removed from the exposed surfaces in several ways. One w’ay is to spray tamped products with w’ater when they 
are first removed from the molds, using a nozzle giving a fine diffused mist, applied however with some force — 
usually with a pressure of about 40 lb. Care must be exercised not to wash out too much cement and not to leave 
the face streaked Some manufacturers do the spraying with the product lying face up on its pallet and others turn 
the block so that the face is vertical. The former is probably the better way since it has a tendency to drive the 
cement which is washed off, into the stone, where with the additional w’ater of the spray, a denser matrix is formed 
for the exposed aggregate. 

Another surface treatment is in brushing when the product is from 6 to 24 hr. old, depending upon curing 
conditions and consequent rapidity of hardening. Experience alone will determine in particular cases the proper 
time to brush the surface cement away and expose the aggregate to best advantage without dislodging aggregate, 
and at the same time accomplish the desired result most economically. Brushing may be done writh stiff fiber 
brushes, or with brushes made by clamping together small sheets of ware netting. Much depends upon the charac- 
ter of the face to be brushed. Plenty of water is used while the brushing is in progress. Satisfactory results are 
more likely to be obtained with rather coarse facing mixtures in which a minimum of sand is used. In other words, 
only enough mortar should be used in the facing mixture to bind the aggregates, which may vary from fine sand-like 
particles to pieces of 1-in. size. Many different effects are obtainable wdth only a small variety of facing aggregates 
by using different gradings and blendings and combining colors in different sizes. For such work it is not necesssary 
in many cases to go far afield for a facing material. Local stone, crushed, screened, and graded wiU give excellent 
results and at the same time lend to the products the advantage of local colorings and characteristics. 

Surfaces may be further cleaned and brightened by the use of a wash of commercial muriatic acid and water 
from 20 to 50 ^ in strength depending upon the age of the concrete. The older and thicker the cement film, the 
harder the w*ork the acid must do. 

Acid IS used a great deal in finishing fine ornamental work and where there are'fine lines, care must be exercised 
that the acid does not eat too far. The action of the acid may be stopped at any time by the application of plenty 
of water. 

In general, the architectural future of concrete lies in better control and a finer technique, along wath a realiza- 
tion that it is the aggregate which gives character to the work and that surfaces should be created with reference to 
the distance from which the surfaces will ordinarily be viewed. The adoption of more rugged surface conceptions 
increases the usefulness of concrete. Use has been made of crushed ceramics, colored to order previous to burning 
and graded for each architectural requirement. Upon grading and consequent cutting down of the cement content 
is dependent the practical elimination of the gray cement factor from the final surface when cleaned. 

1$2. Standards and Specifications. — Building regulations have usually worked on the safe 
side, requiring much more than necessary. Enforcement, on the contrary, was often lax, so 
that the excessive requirement lost force. Of recent years, manufacturers of good, uniform- 
quality building imits have seen wisdom in a thoroughgoing cooperation in the enforcement of 
just building regulations as a protection to their own well-controlled production against loosely 
operated factories whose inferior products threatened to undermine public confidence. 

Through local associations and through the American Concrete Institute there has been 
an effort by building unit manufacturers to arrive at a. standard of quality commensurate with 
the use of their own and competitive materials and to assist in the maintenance of that standard 
as the best protection of their enterprises. This sense of responsibility has been a development 
coming naturally with bigger plant production and larger investments. 

Specifications of the American Concrete Institute for concrete block, structural tile and 
brick will be found in Appendix and for cast stone in appendix L, 

These requirements are not, obviously, based on what is possible with concrete but on a practical working 
minimum to meet a degree of quality which the construction industry has seemed to find sufificient in other long- 
tried materials. 

When concrete units axe to be used in the finer types of structures, cast stone is readily made with very high 
compressive strength and very low absorption. 
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strength is not the only important essential. Economic availability is a consideration which keeps tne require- 
ments well down toward the actually needful. There has been a tendency, however, to recognize and use materials 
of very low strength because the strength factor alone seemed ample. In some quarters, this may have gone too 
far. A 700-lb. concrete may be strong enough, but a concrete low in strength is likely to be friable, porous, and 
readily disintegrated under severe exposure. 

Manufacturers whose processes have been highly developed and whose factory efficiency has been built up to 
the exactions of high stand^ds should go very slowly in any organized effort to lower the standards of building 
requirements so that there is no recognition of high-quality products. 

While it is unquestionable that the highest standards of quality cannot be attained with equipment designed 
and utilized for the most rapid production, it is also unquestionable that, with machinery in its present state of 
development and with the industry’s greater knowledge of material proportioning, products can be made of vastly 
higher quahty than the average product now made with such equipment. 


TERRA COTTA 

By D. Knickerb acker Boyd 

163. Terra Cotta. — “Terra cotta” is the name properly given to one of the oldest of the 
time-proven building materials. For a while, this one of the four standard products employed 
for permanent masonry construction and made of burnt clay, fired at a high temperature, was 
called architectural terra cotta. ^ At the same time, hollow building tile was designated as 
“structural terra cotta. But through common usage and a better understanding of terms, 
brought about largely through the work of committees of the American Society for Testing 
Materials, the latter is now thoroughly understood by the name “hollow building tile;” and 
the subject of this article, by the name “terra cotta” without the word “architectural.” 

164. Use and Properties of Terra Cotta.— Terra cotta is used for the exterior facades of 
buildings, as a trim or ornamentation with other masonry, and as an interior decorative 
material. It is strong, thoroughly fire resistant, has a relatively low absorption, and, when 
glazed, gives a practically non-absorbent surface for weather exposure. Manufactured of a 
plastic-clay mixture and largely manually made, it may be molded or modeled to a variety of 
forms and sizes, given special texture finishes, or glazed with any one or a combination 
of permanent colors. An almost endless variety of color combinations or shades either in full 
glaze or in mat finish is available. By a suitable selection of colors and texture, it is par- 
ticularly effective not only in daylight but also with flood lighting for night-time illumination. 
Its properties make it ideally adaptable to architectural composition in form and color, and, 
because of its enduring qualities, when properly designed and erected, it is a building material 
of high merit. Some of the most charming architectural gems, centuries old, are preserved to 
present generations in their original terra-cotta forms, 

165. Procedtxre and Characteristics. — Preparatory to the production of terra cotta, the 
architect’s complete scale drawings and steel framing plans are furnished the manufacturer, 
who, following the design, makes scale shop drawings showing the jointing and construction 
and full-size details to the proper shrinkage dimensions. The latter are submitted to the 
architect for approval before proceeding with the work. 

In the drying and burning process, all water having been expelled, tnere is a consequent shrinkage in the size 
of the pieces — practically 1 in. in 1 ft. — allowance for which is made by the terra-cotta draftsman, who must neces- 
sarily re-draw all architectural-scale or full-size details, at what is known as the “shrinkage scale” of 13 in. to the 
foot. 

Full-size models to shrinkage scale are made of plaster for each different shape shown on the shop drawings. 
Over these models sectional molds of plaster are cast, from which later the required number of pieces of terra cotta 
are produced. 

From the architect’s drawings or sketches, in the style and i)eriod indicated, the modeled ornament is applied 
in clay to the face of the plaster models. Photographs of these are submitted to the architect for approval, or he 
may personally examine them at the factory — the soft clay permits of such corrections or improvements as may be 
desired. 

The mixture of days and fusible minerals used in forming the terra cotta is carefully selected and proportioned 
to give the d^red degree of plasticity and a composition which, when fired at high temperatures, waH produce a 
homogeneous body, amply strong to carry the required structural loads. 
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In the manufacture of terra eotta, clays of a high quality must be used, and the proper selection and proportion- 

ing of these is of prime importance- Even though the same body is used for all the ^'•arious colors, finishes, and sim- 
faces, as is the practice in most terra-cotta plants, it is nevertheless seldom that any one locality furnishes all the 
clays required for a first-class terra-cotta body. A partial vitrification of this body is desirable, but a ciaj- that is 
too fusible will warp badly in burning. To correct this tendency, at least one of the clay.s should be a refractory 

(or fire) clay, and further to insure straightness and con- 
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trol shrinkage, about one-third of the mi.xture should be of 
ground burnt clay (technically called “grog’’)- 

166. Synopsis of the Manufacture of Terra 
Cotta.^* — The foregoing processes are prepara- 
tory to actual production, the first step of which 
is pressing. This is a manual operation and 
consists of pressing the plastic clay into the 
mold. The walls of the pieces should not be 
less than 1 in. thick, following the contour of the 
mold, and the partitions should be of such thick- 
ness and so spaced as to perform their proper 
functions with regard to form and structure. 

To save material and weight, to lessen the tendency 
to w’arp, and to assist in drying, the blocks are formed 
of an outer shell connected and braced by partitions or 
webs. The w'idth of the spaces formed by the webs is 
generally about 6 in., but this spacing will vary with the 
contour and size of the pieces. The outside shell and the 
partitions should be of uniform thickness ranging from 
1 in. in small pieces to at least IM large pieces. 

Where ornamentation is continuous, proper jointing 
permits of securing duplication of pieces. A mold may, 
therefore, be used to press a number of similar pieces, a 
process less expensive than the separate carving and cut- 
ting of individual pieces as is required for other facing 
materials. 

The pressed pieces remain in the mold 
until the clay stiiffens. It is then removed and 
skilfully retouched before it is placed in driers 
to evaporate the moisture. 

From the drying process, the terra cotta 
passes into the spraying department, where, by 
means of compressed-air apparatus, the exposed 
surfaces are coated with the ceramic mixture 
which, during the firinpg rocess following, 
develops into the desired color or glaze. 

These colors or glazes are prepared wdth scrupulous 
care, according to exact ceramic formulas. The variety 
of shades and textures which may be obtained opens up an 


Pig. 66. — Example of column construction. unlimited field of permanent color design in architecture. 


Following the coloring process, the terra cotta is fired in kilns where it is subjected to a 
temperature rising gradually to 2000 deg. F. or more, depending upon the temperature of 
maturity of the clay and glaze. After proper firing, the kiln is allowed to cool slowly to normal 
temperature, an operation that causes a slow annealing of the terra cotta. 


Terra cotta should be well burnt and should give a sharp metallic ring when struck,* a sample or test piece 
broken in two should show a uniform and homogeneous fracture free from laminations. The body should be hard 
enough to resist scratching with steel, should be free from fixe or body cracks that would impair its strength or 
durability, and the blocks should not be badly warped or twisted. 

1 Extracted from “Terra Cotta — Standard Construction,*’ published by the National Terra Cotta Society. 
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Terra cotta is usually fired in periodic muffle kilns. In recent years, the tunnel kiln has been developed 
In the latter type, the pieces are set or loaded on cars, which travel through a long, heated tunnel. 

From the kiln, the terra cotta is removed to the fitting department, where it is laid out and 
marked to correspond with the piece numbers shown on the shop drawings. It is also marked 
to indicate the position it is to occupy in the building. "Where required, the joints are squared 
or cut to proper alignment and size, either by hand or by grinding. Careful fitting is essential 
to assure satisfactory results in the erected terra cotta. 


IhjsedJb/nldte on 
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For rail transportation, terra cotta is usually shipped in bulk, securely packed in hay and braced to prevent 
shifting. 

Upon arrival at the building site, the hay should be removed and the terra cotta placed in the order marked, 
in piles on wooden strips. 

For export by vessel, the terra cotta is usually packed in boxes or crates, according to the special conditions 
encountered. Another method that has been found to be economical 
and entirely satisfactory is to ship the terra cotta loose after it has 
been wrapped and tied in corrugated cardboard. 

The appearance of erected terra cotta is greatly affected by 
inaccurate setting and defective pointing of the mortar joints. As 
the individual pieces of terra cotta have been carefully fitted and 
numbered to correspond with the erection drawings, the pieces must 
be erected in accordance with the numbers thereon if satisfactory results 
are to be sectired. 
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Fig. 


Oval Raised Joinf 

67. — Two methods of making raised 
joints on sloping surfaces. 



Fig. 68. — Details of sill construction with 
raised joints and fillets. 


167. Surface Finish, Ceramic Finish. — ^Up to about 30 yr. ago, terra cotta was made in 
but two colors — unglazed red and unglazed buff — ^the red being the more widely used, matching 
the red brick with which it was then most frequently used. At the present time, while the 
body of all good terra cotta is very much the same, by surface treatment practicaUy every 
color that may be wanted in architectural work can be obtained. Terra cotta may also be 
manufactured in any surface texture or finish desired. 

While discriminating architects and clients recognize in this sterling product of the ceramic 
art a quality all its own which should stand on its merits as a facing material, it may be and 
frequently is made similar in color and texture to the various building stones. Shafts of stone 
columns are frequently fitted with ornamental caps of terra cotta. 

The following are terms usually applied to the various textures and ceramic finishes procurable in terra cotta:^ 

The term “Surface Finish*' designates the texture of the surface of the clay body prior to the application of a 
ceramic finish. It may be smooth, tooled or drove, lignt irregular drag or combing, heavy irregular drag or comb- 
ing, or special. 

A special surface finish like “bush hammered,*’ “pitted,*’ “vermiculated,” etc., involves extra expense and, 
if required, should be clearly specified. The surface finish for unglazed surfaces may be smooth or may be tooled 
with a light or heavy drag. Flat surfaces of suffi.cient width may be tooled, while the curved surfaces of moldings 
may be left smooth. The surface finish for a glazed ceramic finish (whether lustrous or mat) is usually made 
smooth. Granite colors, if unglazed, may be made smooth or with irregular drag, or pitted. If a glazed ceramic 
finish is used for granite colors, the surface treatment is usually smooth. 

The term “Ceramic Finish” designates the surface and color applied by a ceramic process of coating, glazing, 
burning, etc. 

Such finishes may be: 

An unglazed terra cotta which is a ceramic finish producing an imglazed finish made in various shades of buff, 
gray, salmon, red, and browm. Most colors thus made are vitreous. 

1 Extracted from “Standard Specification for the Manufacture, Furnishing, and Setting of Terra Cotta,” 
adopted by the National Terra Cotta Society. 
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A glazed or enamded terra coUa, which is the term applied to terra cotta having an impervious ceramic finish 
of a glassy texture which may be either lustrous or mat (sometimes designated as full or dull glazes or enamels) 
and which may be made in various colors, m 

A granite'^olor terra coUaf which may be either an unglazed granite color, which produces a mottled ceramic 
finish similar to unpolished granite, or a glazed or enameled granite color, which is a mottled ceramic finish similar 
to polished granite and made either lirstrous or mat. 

A polychrome terra cotta or faience^ which designates a ceramic finish having two or more colors on the same piece 
and which may be an unglazed polychrome (unglazed terra cotta having two or more colors on the same piece) ; a 
glazed polychrome (glazed terra cotta having two or more colors on the same piece) ; or a blended-color polychrome 

(made only in glazed terra cotta), which des- 
ignates the ceramic finish in which the sepa- 
rate colors are not defined by definite lines or 
contours of ornaments but are to be blended 
by brush treatment or the like. 

Fire gilding^ which is a coating of gold 
glaze, either mat or lustrous, fixed by an 
additional burning. 

There are a number of ceramic finishes 
used by individual manufacturers, the proc- 
esses for -which are patented or the names 
copyrighted, which are not mentioned here. 

168. General Principles for Con- 
struction in Terra Cotta. — All building 
materials give their best services in 
permanency when they are used with 
a proper knowledge of their properties 
and possibilities. Their application to 
any building produces results, there- 
fore, in direct proportion to the care 
exercised to secure proper and ade- 
quate construction. 

In concrete or steel-frame build- 
ings, the terra-cotta facing should be 
fully and continuously supported at 
each floor level on shelf supports of 
adequate strength and stiffness, rigidly 
connected to the structural frame. 
Steel shelf angles or supports, in all 
cases, should be located in mortar 
joints. The strength of the terra cotta 
should not be imnecessarily reduced 
by cutting the webs to receive the steel. 

Proper provision should be made for ex- 
pansion joints, at shelf supports, over column 
caps, etc., to prevent the development of dis- 
ruptive stresses caused by deflection, wind 
pressure, temperature changes, settlement, 
and like -forces. 

The volume changes incident to the setting and hardening of concrete, and the variations in volume of concrete 
due to humidity and temperature conditions, require provisions to allow free movement of the supporting frame and 
may make it undesirable to fill completely a facing applied to a concrete structure. 

Proper care should be exercised to prevent the corrosion of all steel supports, ties, etc. Where such protection 
cannot be permanently secured through encasement with mortar or concrete, or through the use of corrosion- 
resistant metallic coatings, non-corrosive metals should be employed- 

Exposed free-standing construction, subject to the absorption of water through mortar joints and liable to 
injury from subsequent freezing or the expansion of improper filling material, should generally be left unfilled and 
should be ventilated by means of weep holes. 

Properly constructed flashing should be provided to cover the top of large projecting horizontal courses, the 
backs and tops of parapet walls, wide-exposed sill comses, etc., and all projecting features should have drips. 

Sills should have a raised fillet at the back to be let into a groove in the wooden sill or should have a reglet for 
metal water bar. Ornamental work, where, on account of the character of the detail, pockets are formed in which 





Pig. 69. — ^Section through cornice and gutter showing method of 
support and anchorage. 



Fig. 72. — Section through 
soffit and lintel over window 
opening. 


Fig. 73. — Section through soffit Fig. 74. — Section through soffit and lintel, 
and lintel forming part of terra cotta 
facing. . ' 


width of the wash and, with the back edge of the copper tucked into a joint or groove, properly located according 
to the particular case, so that there will be no possibility of seepage of water into the structure. All flashing metal 
should be laid with proper provisions for expansion and contraction of the metal. This flashing method should be 
used in every case where the wash pitches inward toward the structure and stops against any superimposed work, 
such as walls of stories above, parapet balustrading, parapet walls, etc. In no case should gutter grades be formed 
in terra cotta. Structural tile, cement, or concrete should be used to form the grade, and this, in turn, covered 
with metal and drained. 




Pig. 75. — Details of iron anchors, hangers, straps, clips, etc., used in setting architectural terra cotta. Figure 
numbers are for reference to these several parts. 


building, and the sizes checked off so as to verify the Joint allowance and guard against varia- 
tions which might have occurred in the framework or superstructure . of the building as thus 
far erected. 
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The work should be anchored to the backing and hung or secured to the structural frame, as indicated on the 
setting drawings. 

Anchors for securing terra cotta in place are furnished either by the terra-cotta manufacturing or by the con- 
tractor for the erection of the work. When the setting contractor furnishes the anchors, etc., it is generally 
customary for the manufacturer, on the completion and approval of the setting drawings, to give to the setting 
contractor a schedule of the size and number of all anchors, clamps, dowels, hangers, brackets, and special work 
necessary securely to anchor the terra cotta to the masonry backing and to the structural frame and to support 
any projecting pieces. 

Heavy projecting courses, whether supported by metal or not, should be well shored up from the exterior until 
the work on top of these courses is placed to a sufBcient height. 

All terra-cotta projecting courses should be so set that the arris casting a shadow is true to line. 

170. Jointing and Pointing. — All terra cotta should be set true to a line and carefully laid 
in a solid bed of mortar. All rebates in bed and cross-joints from front to back and top to 
bottom should be filled solid with mortar, leaving no voids. Each piece of terra cotta should 
be tamped into place, excess mortar cut off and struck with a jointer or trowel. All sills, wall 
copings, and other capping courses should be set in a thick bed of mortar and well pounded 
down so that the mortar fills all spaces around bottom of webs of terra cotta. 

All mortar for setting and pointing should be composed of 1 volume of Portland cement to 3 volumes of sand. 
Hydrated lime, not to exceed 9 lb. to the sack of cement, may be added. 

All joints in terra cotta should be pointed and struck as the setting progresses, except in freezing weather. 
In freezing weather and when re-pointing is necessary, all joints should be raked or cut out to a depth of 3^ in., and 
the pointing mortar driven into the joint and struck with a jointing tool. 

The vertical joints of copings should be filled with waterproof cement. 

All joints in overhanging terra cotta, balustrades, parapets, and free-standing features should have joints raked 
out in. and pointed with an approved elastic cement. 

When plastic cements are used for expansion joints, the bed joints for their full depth should be filled with the 
plastic material. Pilling the front K to ^ in. of a raked-out joint with a plastic cement and leaving a hard mortar 
backing in the rest of the joint cannot be considered a proper construction for an expansion joint. 


171. Cleaning. — On completion of the work and after all mason^s wedges and all centering 
are removed, and after pointing and re-pointing all joints wherever necessary, the surface of 
the terra cotta should be cleaned with water and a good abrasive soap or washing powder, using 
sufficient force in scrubbing to remove all stains. Any hard lumps of mortar may be removed 
by the use of a sharpened hardwood stick. Steel brushes, chisels, or other metal tools which 
might damage the surface by scratching, chipping, or discoloration with rust stains should not 
be allowed. 

If satisfactory results cannot be obtained by the use of abrasive soap or washing powder, a solution consisting 
of IK pints of muriatic acid to a gallon of water may be used. In the use of acid solutions, only wooden pails and 
fiber brushes should be employed. 

172. Maintenance. — The exterior surfacing of buildings is expected to be impervious to 
the infiltration of moisture. The contraction of the mortar in joints, vibration, and the dis- 
integration of the mortar by frost will, from time to 
time, develop cracks, etc., which will permit leakage of 
surface moisture to the interior unless proper main- 
tenance provisions are carried out. The exterior of 
all buildings should be periodically inspected, loose 
mortar joints raked out and repointed, reglets for 
flashing kept filled, waterproof joints should be prop- 
erly maintained, drainage systems kept open, and all 
flashings kept in proper repair. The ease with which 
the ceramic finish of a terra-cotta facade may be 
cleaned, by a simple washing, suggests, also, that the value of the beauty and the light- 
reflecting qualities of terra cotta as a building material should be maintaned by a periodic 
cleaning of the structure. 



Copings for walls up to 13 in. in thickn^s 
may be safely made in one piece, for walls 13 
to 28 in. in thickness in two pieces, and for 
walls above 28 in. in thickness, in three or 
more pieces as required. 

Fig. 76. 
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TILING 

By D. Knickerbacker Boyd 

The word “tile” has its origin in the Anglo-saxon tigel which, in turn, is a derivative of the 
Latin tegula, from iego — to cover. Although since appropriated to designate other products 
made in all sorts of shapes and from all kinds of raw materials, the term “tile” without other 
qualifying words or phrases still properly applies to those examples of the ceramic art which are 
used as a surfacing or finish for floors, walls, and ceilings, and in mural decoration on the 
interior or exterior of buildings. 

173. Manufacture of Tiles. — Tile are made from different kinds of clays, feldspar, and 
flints obtained from domestic banks and quarries or imported from other countries. These 
raw materials undergo a variety of refining and mixing processes before they become suitable 
for forming or pressing into tiles. According to the process used, tile makers distinguish 
between tiles made from the materials in the plastic state and those pressed by means of machin- 
ery from the pulverized and practically dry materials — the “dust.” Thus, in the one case the 
tiles are “made plastic,” in the other case they are “dust-pressed.” 



Fig. 77. — Illustrating decorative uses of floor tile. Pig. 7S. — An exaniple of inlaid, or 

encaustic tile 

174. TJnglazed Tiles. — Unglazed tiles are produced in one firing which brings them direct 
to their ultimate degree of vitrification, color and surface texture. The colors in these unglazed 
tiles are produced either by the selection of clays that will burn to the desired color, or by the 
addition of certain oxides, such as the oxides of cobalt, chromium, etc. It lies in the nature of 
the raw materials and color ingredients that some of these tiles can be fired to complete vitrifica- 
tion, while oihers do not permit this. Consequently, the unglazed tiles are divided into “vitre- 
ous” and “semi-vitreous.” 

The vitreous colors in unglazed tiles include white, silver gray, celadon, green, blue green, 
light blue, dark blue, pink, cream and so-called “granites” of these colors. The semi- vitreous 
colors comprise buff, salmon, light gray, dark gray, red, chocolate, black, and “granites” of 
these colors. 

The trade terms flint, quarry, paving, esplanade, corrugated, hydraulic, chipped face tiles, ceramic mosaic, etc., 
designate the various kinds of unglazed tiles made for different uses and decorative effects. 


The principal shapes and sizes in which unglazed tiles 

are manufactured are: 


Square, inches 


Oblong 

Octagon 

Hexagon 

9 

X 9 

9 X 4K 

m X 2K 

6 X 6 

6 X 5Ki 

6 

X 6 

9X3 

4K X IKe 

4K X 4K 

4 K X 31K 


X m 

6X4 

3 X IK 

3 X 3 

31 K 2 X 3 

3 

X 3 

6X3 

3X1 


2 Ke X 2 


X 2H 

6X2 

3 X K 


6 X 3 

m 

X IK 

6 X IK 

2K X IKs 

Triangle 

4K X2H 

IKe 

X iHs 

6X1 

IHe X 

3 




6 X K 


i^K4 




6 X Vi 


1 H2 



Encaustic tiles is a term that strictly belongs to “inlaid" tiles. These are decorative tiles produced by inlaying 
a figure or ornament of one color into a body of a contrasting color before firing. They are vitreous or semi-vitreoua 
according to the colors used. The word “encaustic" is frequently misapplied as a general term for tiles; it has 
however, no descriptive significance except in connection with inlaid tiles. 
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Ceramic mosaic is a trade designation that refers to the smaller sizes of unglazed tile, which for expediency 
in setting are also marketed “ mounted*' with the face glued to sheets of paper. This paper is soaked and removed 
after the tiles have been set. Ceramic mosaic is also made "with a glazed surface and in many colors. (For sizes 
of unglazed ceramic mosaic and of mounting sheets, see Grades of Tiles.) 

The thickness of these unglazed tiles varies with size and kind, the larger sizes and shapes having a thickness 
of from to 1 in., while ceramic mosaics are usually in. thick. 

175. Glazed Tiles. — Glazed tiles are made from essentially the same materials and by the 
same processes as the unglazed tiles, except that they require two firings. The first firing pro- 
duces the ^^biscuit/' “bisque^’ or ^‘body'’ made either plastic or by the dust-pressed method. 
This bisque is subsequently coated with the “glazing” liquid, made from pulverized clay, 
feldspar, flint, and a flux. The bisques are then again placed in the kilns and subjected to high 
temperatures which unite glaze and bisque. 



Fig. 79. — Ceramic-mosaic floor, plain field 
•with border. 



Fig. 80. — Rectangular glazed wall 
tile, round ceramic-mosaic floor tile, 
separate cove and “woven” combina- 
tion tile at internal angle and at 
window. 



mm\ 


■ 

■ 

9 

■ 

■ 

i 

■ 

■ 

I'S 


■■ 


Fig. 81. — Square glazed 
wall tile, octagonal -vitreous 
floor tile, separate cove at 
floor, and at internal angle. 
Quarter round at corner. 


Trade custom has established the application of the word “glazed” as an exclusive designa- 
tion for white glazed tiles, while the same kind of tiles in color are known by the term “enamels.” 
Thus, the white tiles generally used for wainscot in bathrooms are “glazed” tiles, and tiles 
with a colored glaze are “enamels.” * 

The range of colors and tints in enamels is practically unlimited and the textures are of the greatest variety. 
Virtually any color can be procured in enamels. Moreover, they are made “plain” or “mottled” in one or more 
colors. 

Both glazed tiles and enamels are produced in bright, matt, and semi-matt or dull finish; that is to say, the 
bright have a surface of high gloss, the matt are entirely devoid of gloss, and the semi-matt or dull finish applies 
to all finishes intermediate between these extremes. 

Glazed tiles and enamels are made in the following regular sizes and shapes (see Art. 177 for standard 
sizes of white glazed tiles) : 


Square, inches 

Oblong 

Hexagon 

6 X 6 

9X6 4K X 2K 

3 X 31^2 


9 X 4K 3 X IK 

2 X 2 Me 

3 X 3 

9X3 3 XI 

2M6 X 22^2 

2H X 2H 

6X3 3 X K 


IH X IK 

6X2 3 XH 


iKe X IMe 

6 X IH 2H X IKe 


H X H 

6 X 1 

Octagon 

H X H 

6 X K 

3X3 


6 X K 



175. Trim Tiles. — For use as bases^ caps, corners, moldings, door and window trim, etc., 
certain shaped tiles are made to match the unglazed or glazed field or body of tilework, which 


1048 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. 7-177 


are designated by the terms trim or trimmers. The range of shapes obtainable in these trimmers 
is quite extensive and meets any utilitarian or decorative demand. 

The tQTTT). faience is applied to comparatively rough glazed tiles made plastic and glazed with enamels of various 
textures. Any special design or color effect can be carried out in faience and it is especially adapted to the decora- 
tive treatment of interior and exterior wail surfaces. 



Fig. 82. — Types of cove bases, A and E being those referred to as desirable in wood construction. A is also used a.s 
cove in internal angles and is especially desirable in wood construction where shrinkage might occur. 


177. Grades of Tile. — Tiles are not manufactured in predetermined grades or qualities 
The object of the makers is to produce but one grade, i.e., the highest quality. But due to 
limitations in' the processes and the difficulty of absolute control in firing conditions, certain 
variations in shades, sizes, etc., take place which are inherent to tile manufacture. The tile 
makers therefore sort the tfies after they come from the kilns into different grades which experi- 
ence has established as expedient. With respect to wearing and sanitary qualities no difference 
exists in these tiles, and appearance, size, warpage, surface blemishes, etc., alone are the basis 
for the sorting. 

The white glazed wall tiles are graded as explained below and marketed in three grades or qualities — viz., 
‘‘selected,’* “standard,” and “commercial” — and each grade has its legitimate uses. As the term implies, the 
standard grade is the one used in the general run of work, such as in barber shops, cafeterias, hotels and apartment 
house bath rooms, moderate priced residences, etc. This grade practically represents the tiles as they come from 
the kiln, sorted however for uniformity in size. For the selected and commercial qualities, the tiles, as they come 
from the kilns, are divided into two grades. The tiles that are as nearly perfect as is possible to manufacture are 
chosen and marketed as selected for use in the finest classes of tilework, such as in high class residential work, oper- 
ating rooms in hospitals, etc., while the remainder are offered as the commercial grade. This commercial grade 
finds extensive use where economy, service, sanitation, and light reflecting qualities are required and where manu- 
facturing blemishes are of secondary importance, such as in manufacturing establishments, basement toilets, linings 
of shafts, ^tc. 

The enamels, vitreous tiles, and ceramic mosaic are marketed in two grades — viz.^ selected and commercial — 
and the semi-vitreous tiles in one grade only, selected. 

177a. Standards for White Glazed Tiles and TJnglazed Ceramic Mosaic. — In 
accordance with the unanimous action, on October 27, 1926, of a general conference of repre- 
sentatives of manufacturers, dealers, contractors, architects, and users, the Department of 
Commerce, through the Bureau of Standards, recommended the establishment of the following 
standards for white glazed tile and unglazed ceramic mosaic, all of which appears in Simplified 
Practice Recommendation No. 61 effective January 1, 1927: 

Sizes of White Glazed Tiles, Inches 

6 X 6 6 X 3 43.^ X 41^ 


Sizes of Ceramic Mosaic, Inches 


Square. . 
Oblong. . 
Hexagon. 


1^2, H, IMe, 2K6 
H X IKe. H X IKe X 
1 , IH 
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Mounting Sheets and Paper Sizes for Ceramic Mosaic 


Size of tile 


Size of sheet, 
number of rows 


Size of paper, 
inches 


1^3 2 square 

^ square 

IHe square 

2^6 square . . ... 

I>i6 X H oblong . . . . 
iHe X M herringbone diagonal , 

6 X ^4 oblong 

X herringbone diagonal . 

2M6 X IMe oblong 

2^6 X iMe herringbone diagonal 

1-in hexagon . . 

134 hexagon 


24 

X 

48 rows 

13M 

X 

26>^ 

16 

X 

32 rows 

12H 

X 

25K 

12 

X 

241 

13M 

X 

26M 

6 

X 

122 

13M 

X 

26M 

24 

X 

243 

13H 

X 

26K 

16 

X 

32 

12H 

X 

2534 

16 

X 

161 

mi 

X 

25% 

11 

X 

22 

1234 

X 

24>^ 

12 

X 

12 s 

133^^ 

X 

2634 

8 

X 

16 

11% 

X 

23M 

12 

X 

24 

1034 

X 

24K 

12 

X 

IS 

12H 

X 

22^ 


1 Mounted by itself or in combination with IMe X and ^5^2 squares. 

2 Mounted by itself or in combination with 2^6 X IKs, IKs X IKst iMe X H, and ^5^2 squares. 

5 Mounted by itself or in combination with 1^32 squares. 

Mounted by itself or in combination with ^ squares and 1 ^32 dot 
5 Mounted by itself or in combination with iMe X IKst IKs X > 2 » and 1^32 squares. 

Uniform Grade Nomenclature 

White glazed tiles Selected, standard, commercial. 

Ceramic mosaic Selected, commercial. 

Minimum Grade Specifications 


For flat white bright glazed tiles 


For unglazed ceramic mosaic 


Commercial 


Commercial 


The tile of this grade 
are as perfect as it is 
possible to manufac- 
ture; they are free 
from warpage ex- 
ceeding two-tenths 
of 1 %, wedging and 
crooked edge exceed- 
ing three-tenths of 
1 %, and free from 
specks, spots, blots, 
pulls, biscuit cracks, 
biscuit chips, shiv- 
ered edges, welts, 
dry spots, scum, 
sand, and stickers 


The tile of this grade The tile of this grade 
are reasonably permit of all of the 


Grade tolerances: A 
in selected and of 5 
permissible. 


straight and true in blemishes and de- 
shape and without fects which are not 
objectionable sur- permissible in the 

face blemishes, higher grades but 

They are free from are free from blots 
warpage exceeding and biscuit cracks 
four-tenths of 1 %, 
wedging or crooked 
edge exceeding five- 
tenths of 1 %, and 
free from spots, 
blots, biscuit cracks, 
biscuit chips, shiv- 
ered edges, welts, 
dry spots, scum, or 
stickers. The 
grade permits of 
certain minor sur- 
face blemishes such 
as occasional specks, 
sand, and pull 

tolerance of 5 % of standard grade tiles 
5 % of commercial grade tile in standard is 


Tiles of this grade arc 
as perfect as it is 
possible to manu- 
facture. They are 
harmonious in color, 
easily cleaned, uni- 
formly mounted, 
and of uniform stit- 
face and texture. 
The vitreous colors 
are fired to vitrifica- 
tion. The semi- 
vitreous colors are 
fired to a degree of 
vitrification as high 
as the particular 
color permits 


This grade of ceramic 
mosaic does not 
represent the same 
degree of perfec- 
tion as the selected 
grade. Variations 
and irregularities 
in textures, sur- 
faces, edges, firing, 
or combinations of 
these variations are 
in evidence. They 
are, however, satis- 
factory for some 
installations 


Grade tolerances: A tolerance of 5 % of 
commercial grade tiles in selected is 
permissible. 
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Stickers 

None 

None 

Allowed 

Ti 

P 

P 

m 

None 

Occa- 

sional 

Allowed 

Scum 

None 

None 

Allowed 

Dry 

spots 

None 

None 

Allowed 

Welts 

None 

None 

Allowed 

Shiv- 

ered 

edge 

None 

None 

Allowed 

Biscuit 

chips 

None 

None 

Allowed 

Biscuit 

eracks 

None 

None 

None 

pH 

None 

Occa- 

sional 

Allowed 

Blots 

None 

None 

None 

Spots 

None 

None 

Allowed 

Specks 

None 

Occa- 

sional 

Allowed 

Wedg- 

per cent 

Less 

than 

0.4 

Less 

than 

0.5 

More 

than 

0.5 

Crooked 
sides, 
per cent 

Less 

than 

0,4 

Less 

than 

0.6 

More 

than 

0.5 

Warp- 

age, 

per cent 

Less 

than 

0.2 

Less 

than 

0.4 

More 

than 

04 


Selected 

Standard 

Commercial 
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Explanation of Teems Used in Grade Specifications 

For White Bright Glazed Tiles 


Warpage. — A surface enrva- Wedging. — A differ- 

ture, either convex or con- ence in the length of two 
cave, measured on the face of opposite sides, expressed 
the tiles along the edges. The in percentage of the tile 
degree of warpage is the varia- length, 
tion from the plane expressed Specks. — Any dark dot 

in percentage of the tile length, on the face less than 3.^4 
Crooked Sides. — A curva- in. in diameter and 
ture of the sides, either convex noticeable at a distance 
or concave, measured along the of more than 3 ft. 
sides. The degree of crooking Spots. — Any dark dot 

is the departure from the on the face more than 
straight line drawn between >^4 in. in diameter, 
two corners, expressed in per- Blots. — Green marks 

centage of the tile length. or stains on the face. 


Pulls. — Small depres- Welts. — An unusually 

sions or scratches in the heavy accumulation of 
body noticeable through glaze in the form of a ridge 
the glaze at a distance of along the edge, 
more than 3 ft. Dry Spots, — Small areas 

Biscuit Cracks. — Any on the face which have 
fracture in the body of been insufficiently glazed, 
the tile visible both on Scum. — ^Lack of glass, 

face and back. crystalline or frosted in 

Biscuit Chips. — A effect, appearing on the 
glazed-over chip on the face of the tile, 
edge or corner of the Sand. — Grains of sand 

body. embedded in the glaze. 

Shivered. Edge. — A Stickers. — Small rough 

minute fracture of the or raised spots in the glaze, 
glaze running along the 
edge which appears as a 
fine silvery thread when 
struck by light from an 
angle. 



Certification of Grades 

The adoption of minimum grade specifications will be greatly facilitated by the use of a 
uniform method for certification of grades. Based upon definite grade specifications, the 
certification of grades will be more effective than the present method of certification by grade 
name without definition. 

Certification shall consist of (a) 
package grade certificate and (b) 
master grade certificate. Minimum 
grade specification and the grade of 
tile are to be given on both forms. 

Grade certificates to be placed in 
container before closing and affixation 
of grade seal. //_ 

Master grade certificate to be 
issued to tile contractors on request 
only and to be used for certif 5 dng 

shipments consisting of one or more | | | | ^ | ^ ^ | 

178. Crazing, — In former years \ ^ I ^ 1"^ 1 \ 1 ^1 

some manufacturers were occasionally i 1 ' ' 

willing to guarantee glazed or enamel 
tiles against crazing and some specifi- 

cations even today call for tiles to be a, IfigM handshJ^ 

guaranteed non-crazing. This how- p* hand comhinaffon angk 

ever, is no longer done by any of the ’,1 

large producers who are bound to ^ Sr^^Beaa, ^^Tpdius tZ. 

recognize the limitations of the ceramic Le^ hand stop A Convex angle, Zi radiue 

art and realize that crazing (or crack- ^ ^ ^ i ^ 

- , , j, , , Fig. 83. — Illustrating some of the Trimmers ' made for glazed 

ling) of any glazed surface cannot be tile, with key numbers. 

absolutely guarded against. 

One of the causes of the phenomena known as crazing is considered to be the slightest kind of a difference 
in the coefficients of expansion between the materials comprising the body and those of the glaze, which most 
frequently does not manifest itself until after the tile are laid. This may or may not assert itself until years after 
the tile are laid and sometimes will occur where the sun shines the tile or in the proximity of radiators, while not 
appearing elsewhere in the same piece of work. 



5 .. \ojxxtve 

A. Conv€gangw,^'rqdlue 
S SrkyBeadi ^Tvdius 
e. d*xy yy/ndow sd/ cove 
7. Left hand stop 


d. If iahi hand slop ^ 

9. hand comhinanon cmgk 

}0. Ifighfjiondc^rn^'pafionangk 

; 3 . Concave angle £Cadtus 
I4. Convex angle, ct rad!ua 


Fig. 83. — Illustrating some of the “Trimmers” made for glazed 
w^ tile, with key numbers. 
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The foregoing remarks refer principally to bright glaze finishes on any tile. In the finest decorative tiles, in 
faience, and in other finishes, the craze, like that of the surface effect produced by the crackled finish of the finest 
ceramic work, is regarded with favor. 

179. Setting of Tile. — Particular attention should be paid to the methods employed to 
overcome shrinkage of woodwork when bathrooms or other places are to be tiled in buildings 
of frame construction — or in any type of building with wood joists. Interior partitions should 
be located over those below and, where this is not possible, steel beams should be used to 
support the partitions surrounding bath rooms or other tile places so that no greater shrinkage 
will occur than at the outside walls. With such construction, lighter weight joists may be 
used, especially under the tile floors, assuring better seasoning and less shrinkage as well. In 
addition to insuring the tile work against the effects of settlement, this type of construction, 
through saving of labor in doubling trimmers and headers, bevelling of joists, cutting in floor 
boards, etc., will be found to have its economies, compensating for the increase due to the 
introduction of steel in place of wood where indicated. 

In tlie case of wood construction because of inevitable shrinkage it is recommended that if coves are to be used 
at floor angles they be in the form of combination tile on the floor tile and not on the wall tiles; also, that internal 
corners, if cove, be made either with separate coves or with straight joints on the combination tiles. The latter 
should not be alternated or woven in wood construction as any settlement or shrinkage will break the tile. These 
precautions do not of course apply in the case of fire resistive construction where floors and partitions are of concrete, 
hollow tile, or masonry, or encased steel construction. In these types of construction full range of choice in the 
“tile trim” may be resorted to. 

For comprehensive descriptions of the materials and processes entering into the manufacture of tiles see ^ Basic 
Information on Tiles,” and for complete specifications on the application of tiles to all types of construction, as 
in a composite building, see “Basic Specification for Tilework,” each issued by the Associated Tile Manufacturers, 
New York City. 


GLASS AND GLAZING 
By LbRoy E. Kern 

180. Raw Materials. — The principal raw materials used in the manufacture of glass for 
general glazing purposes are: silica (white sand), lime (limestone), soda (soda ash), charcoal, 
cullet (broken glass), a small quantity of alumina bearing material, and possibly decolorizing 
agents. These are mixed in large earthenware pots and fused at a temperature of about 3000 
deg. E. 

181. Physical Properties of Glass. — The composition and physical properties of glass are 
widely variable, not only in different varieties of glass, but also in different makes of the same 
type or kind of glass. Neither the mixing formulas nor the conditions of manufacture have 
ever been standardized and no general text book on the selection of grades or materials has been 
issued in this country. The results of tests made to determine the physical qualities of glass 
have differed greatly as is indicated by the following table : 


Table of Physical Properties of Glass 


Tensile strength 

Modulus of rupture 

Modulus of elasticity. , 

Crushing strength 

Crushing strength of cylinders up to 

Specific gravity 

Expansion for 180 deg. F 


2.000 to 10,000 lb. per sq. in 

3.000 to 4,000 lb. per sq. in, 

10,000,000 to 11,000,000 lb. per a(i in. 

6.000 to 20,000 lb. per sq. in. 

39.000 lb. per sq. in. 

2.4 to 4.5 

U in. in 12.13 to 12.81 lin. ft. 


182. Defects or Blemishes in Glass. — The defects to which glass is subject in the process 
of manufacture are of two general kinds: (1) those due to imperfect polishing and grinding, and 
(2) those that are contained in the body of the glass itself. In cutting the large sheets into 
commercial sizes, care is taken to eliminate as far as is practical any defects or blemishes that 
may be present and to obtain the largest possible percentage of the better grades of the glass. 
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The principal defects due to grinding and polishing are as follows: 


Sand Lash. — This occurs near the edges of the sheet if the grinding block runs off. It is a collection of scratches 
and IS easily detected 

Grey Spot or Short Finish. — This is caused by insufficient grinding or polishing. It has the appearance of a 
collection of dust and sometimes requires a careful examination to detect. ^ 

Bloch Reeks or Sleeks — Caused by a coarse particle of rouge working under the polishing block. It is a smooth 
scratch and shines out sharply in reflected light* 

Burned. — A spot where the polishing block was allowed to run dry thereby causing the surface film to start 
to melt. It has a finely and slightly mottled appearance on the surface but not in color 


The following are the principal defects which may be contained in the body of the glass: 


Bubbles and Blisters. — The name describes this defect. 

Seed. — Fine bubbles. 

Ream. — A defect the cause of which is difficult to determine. It results in a distorted image when looking at 
an object at an angle. 

Waves. — An undulation of the surface. Owing to the method of manufacture, these can not be entirely 
avoided in cylinder glass. 

Stone. — A particle of unfused material embedded in the glass. This is one of the most serious defects to which 
glass is subject as it makes a point of high local stress and is very likely to cause the glass to crack. 

String. — An irregular shining streak made by the passage of a small “stone” during the manufacture of the 
sheet. 

Skim. — Streaks of dense seed with fine bubbles. 

Scratches. — Any marking or tearing of the surface appearing as if done by a sharp or rough instrument. 

Lines. — Waves which extend continuously across the sheet, so that the reflection from the surface appears as a 
line or series of lines. 

183. American and Foreign Glass. — Practically all glass now on the market, and used in 
connection with building, is produced in America and the following data are intended to cover 
the manufacture, qualities, and sizes of the various domestic glasses in general use only. 

184. Grading. — In the manufacture of glass only one product is aimed for and the various 
grades or qualities are the results of selections made in the effort to separate those sheets which 
are nearest perfect from those which contain some of the blemishes inherent in the process of 
manufacture. 

In this process of selection and separation^ the personal equation enters to a considerable 
extent, the grade being determined largely by the general appearance of the sheet. Thus a 
small defect or blemish might be permitted in a large light and be the cause for rejection if 
occurring in a small light. For this reason small size samples seldom correctly indicate the 
quality of the glass proposed to be furnished. 


It is sometimes very difficult to determine in what grade a particular sheet of glass shoffid belong, and for this 
reason it is not infrequent that a lower grade than the grade specified is substituted. This is especially true in the 
case of AA grade. 


186. Cylinder or Window Glass. — This is the common commercial ^‘window glass.” It 
is more or less wavy in appearance, usually has a slight bulge, and varies widely in composition 
and quality. 

186a. Manufacture. — It is made by blowing the molten glass into a cylindrical 
shape and then cutting, heating, flattening out, and annealing Formerly all glass of this type 
was hand made, but during recent years machine methods have been perfected and the hand- 
made glass has largely been supplanted. The machine-made glass is the usual commercial 
'^window glass.”, 

186b. Sizes. — Window glass is made in two principal weights or thicknesses— 
single strength and dovhle strength. Window glass heavier than double strength is known as 
heavy sheet glass. 
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The following is taken from the U. S. Government Master Specification No. 123: 


Tolerances in Thickness and Average Weight op Clear Window Glass 


^ Classification 

Thickness 

Number of lights per 
inch 

Average 
weight, 
ounces per 
square foot 

Minimum, 

inches 

Maximum, 

inches 

Minimum 

Maximum 

Single strength 

0.080 

0.100 

10 5 

12 0 

* 18.5 

Double shength 

0 111 

0.125 

8.0 

9 0 

24.5 

26-oz. glass 

0.125 

0 135 

7 5 

8.0 

26.0 

29-oz. glass 

0.135 

0 148 

6 5 

7.0 

29.0 

34-oz. heavy glass. . , .... 

0 150 

0.175 

6.0 

6.5 

34 0 

39-oz. heavy glass, . . 

0 176 

0 205 

5.0 

5.5 

39.0 


Sizes Obtainable . — The maximum dimensions recommended are 


Classification 

Width, 

inches 

Length, 

inches 

For single strength 

40 

50 

For double strength 

60 

80 

For heavy sheet 

66 

90 


Tolerance in Thickness . — Thickness of individual sheets shall not vary more than one-half of the total variation 
allowed for that particular strength of glass, as shown in table above, for sizes up to 50 united inches. For larger 
sizes, variations in thickness may be equal to the tolerance allowed for that class. 

Flatness . — All clear window glass shall be relatively flat. Slight curvature, provided it is regular, will be 
allowed, but the maximum deformation or bow shall not make an arc higher than 0.5 % of the length of the sheet. 
Reverse curve or crooked glass is not allowable. 

186c. Grades. — Single- and double-strength window glass is marketed in three 
grades — AA, A and B. The AA quality is especially free from defects, but only about 3 % of the 
total amount of window glass produced is of this grade. The jobbers stocks usually consist of 
the A and B grades, the A grade containing all glass better than B. The production of glass 
of the A grade is sufficiently large to meet the general demands for glazing and is suitable for 
building requirements where a good grade of cylinder glass is wanted. The B grade is suitable 
for use in mills, factories, the cheapest class of residences, basements of buildings, and work or 
locations of a similar character. 

The following requirements for single- and double-strength glass is taken from the tJ. S. 
Government Master Specification No. 123: 

(а) A Quality . — The defects permitted in this quality are faint strings or lines, slight burn, small seeds, small 
blisters, and light scratches. No light shall contain all of these defects, and those present may not be grouped when 
in the central area of the sheet. Strings, lines, or burn specks shall not be of such intensity that they are visible 
when observing the sheet at an angle greater than 30 deg. between the line of sight and the glass. Waves shall 
not be visible at an angle greater than 20 deg. with the glass. Blisters shall not exceed }4, in. in length unless they 
occur near the edge of the sheet. 

In general, the central area of the light shall be practically free from defects, and the appearance of the light 
as a whole shall be such that there is no perceptible interference with the vision so long as one is not looking through 
the glass at an acute angle. 

(б) B Quality . — This quality admits of the same kind of defects as A quality, but they may be larger, heavier, 
and more numerous. Occasional scattered blisters not more than in. long may occur over the central area of the 
sheet. Larger blisters up to 1 in. in length may occur about the bordering areas. 

Waves should not bo of such intensity that they are visible when observing the sheet at an angle greater than 
45 deg. with the glass unless on the border. 

Burn spots may be visible when looking directly through the glass, but they must not cause any appreciable 
depression, and the speckled appearance must not be so great as to interfere with vision when examining the glass 
in the specified position. 

Heavy sheet window glass is produced in glazing and factory-run grades. The TJ. S. 
Government Master Specification requirements for heavy sheet -window glass are: 
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(a) CfLazing Quality. same specifications for selecting provided for A-quality single-strength and double- 
strength glass shall apply. 

(h) Factory-run (polity. This quality is the run of glass as produced by the factory. It may contain glass of 
very good quaHty and some glass of very ordinary quahty. However, the glass that contains heavy cords, lines, 
or strings over the entire surface, raised blisters, cap strings, stones, or batch particles causing a rough surface or 
depression or having its surface covered with heavy burn, wrinkles, deep scratches, or stone shall not be included 
in this quality, 

186. Polished Plate Glass, 

186a. Manufacture. The raw materials from which plate glass is made are 
virtually the same as used for cyliiider glass, but the method of manufacture is entirely different 
and greater care is taken in the selection and purification, of the ingredients. 

The various ingredients are melted in a large earthenware pot, are then poured on a fiat 
iron table and a heavy iron roller quickly passed over it, leaving a plate of glass of the required 
thickness. This plate is then annealed and forms what is known as rough plate glass. It is 
unevenly fire polished on one side and rough on the other. In this form it is sometimes used 
for vault and floor lights, skylights, etc. 

Rough rolled or half polished plate is rough plate ground and polished on the smooth or fire 
polished side only. 

Ornamental plate is a figured plate glass made by rolling or rolling and pressing and having 
the plane surface ground and polished. 

For polished plate glass the rough plate is secured to a revolving table and the surface of the glass ground down 
with fine sand and rollers. After the grinding has been completed the plate is removed to another table where by 
means of felt blocks and rouge or iron peroxide the surface of the glass is polished. 

During the grinding and polishing the rough plate loses from 40 to 50 % in weight and the method of manufac- 
ture is such that there is usually a slight variation in the thickness of the finished sheets, especially in the large 
sizes. 

186&. Grading. — Wliile no generally accepted standards have been established 
to determine the dividing line between the various grades of plate glass, the manufacturer 
grades and lists his stock as follows: (1) First silvering, (2) second silvering, (3) selected glazing, 
(4) glazing, (5) second glazing, and (6) skylight. 

The silvering qualities are as nearly perfect as it is practical to manufacture, and are used 
for making the best class of mirrors. The selected glazing quality is almost free from blemishes 
and is used for special windows, glazing in high class residences, show cases, and sometimes for 
mirrors. The glazing quality may contain a few small bubbles, fine scratches, etc., not however 
in sufficient quantity to impair its durability or value for ordinary use. This is the usual 
commercial grade of polished plate glass used for glazing show windows, sash, doors, etc. The 
second quality glazing permits of more defects than the glazing quality but may be used for 
unimportant work. The skylight quality permits the inclusion of defects that would preclude 
its use for general glazing purposes. 

U. S. Government Master Specification No. 123 gives two grades of plate glass for glazing 
purposes, viz., second shivering and glazing. 

It is seldom necessary to specify other than “glazing” quality of polished plate glass of the standard thickness 
for all general glazing purposes, and “silvering” quality of polished plate glass and thickness for all mirrors. French 
plate glass mirrors, except small hand mirrors, have not been on this market in commercial quantities for a number 
of years, and if actually required would in all probability have to be specially imported. 

186c. Size and Thickness. — The following is taken from the U. S. Government 
Master Specification No. 123: 

« 

Sizes and Thickness. — The standard thicknesses of plate glass shall be Me* Hi Hi 1* IHt aiid 

Sheets are available in. thick in sizes having a maximum area of 250 sq. ft. Glass of M'in. thickness 
may be furnished having almost any desired dimension under the following maximums: 120 X 280, 144 X 260, 
160 X 240 in. The standard stock thickness for glazing purposes is in., but this may vary between and 
He in., although and Ke-in. glass are carried in stock in the larger cities. 


Tolerances in Thickness. — The maximum and minimum thicknesses allowed shall not be more than the given 
thickness plus or minus one-half the difference between the standard thicknesses, although, for glass,ocoasional 
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plates as thick as in. are supplied. The general variation in thickness should not be more than 1^2 in. for 
individual hghts under 10 sq. ft. in thicknesses up to 34 in. The variation in lights over 34 in. in thickness should 
not exceed one-half the total tolerance for that thickness. 

Tolerances in Dimensions . — Variation from dimensions ordered shall not be more than 3^2 in. per 3s in. of 
thickness. 

The 34 and ^6"in. glass is largely used for residence windows, car sash, leaded glass, and wherever high polish, 
clear vision, and minimum weight are required. They are manufactured from the same thickness of rough plate 
as the standard thickness glass and, on account of the additional cost of grinding and the liability of breakage, 
are more expensive. 

Glass thicker than the standard 34 to Ke in. is used for such special purposes as counter tops, shelves, port 
and deck lights on ships, aquariums, etc., and, if thicker than % in. usually has to be specially manufactured. 

The standard 3^ to Ke-in. glass is the least difficult to obtain and is the most economical to use, both the 
thicker and thinner glass being more expensive. 

187. Mirrors. 

187a. Manufacture. — Mirrors are made by silvering one side of a sheet of glass, 
and not only is a good silvering process necessary, but a glass of the wrong composition may 
chemically change so as to react on the silvering and ruin the mirror. 

187&. Glass for Mirrors.— For general use, only the best grade (silvering quality) 
of polished plate glass should be used, for, after silvering, defects are magnified and accentuated. 
Cylinder glass is used in the manufacture of cheap mirrors, known as shock mirrors, but the 
image is always more or less distorted and they are suitable for use only as reflectors of light. 

187c. Silvering.— There are two processes by which mirrors may be made: 
the patent-hack process and the mercury-hack process. 

The patent-back process is the method employed almost entirely today. It consists in the 
precipitation of a film of nitrate of silver on the surface of the glass and protecting this film 
with shellac and mirror-back paint. This is a slow and expensive method and the larger size 
mirrors are difficult to set without damaging the backing. The mercury backing is supposed 
to be permanent and while the patent back is subject to deterioration it should have a life of 
not less than 10 or 12 yr. 

187d. Sizes. — The size of a mirror is limited only by the size in which the glass 
can be made, but extremely large sizes of glass entirely free from blemishes are very difficult to 
obtain. 

188. Rolled or Figured Sheet Glass.— This is a translucent or obscured glass with a pattern 
or design imprinted on one side. It is largely used in office doors and partitions and wherever 
obstruction of view and diffusion of light are required. The more broken the surface, the better 
will the glass obstruct the view j and the flatter the projections, the better for hght transmission. 
There are upward of 50 different patterns manufactured, such as ribbed, Florentine, maze, 
cobweb, colonial, etc., and it has largely supplanted the ordinary ground glass on account of its 
greater cleanliness and better hght diffusing qualities. 

188a. Manufacture. — Figured sheet glass is manufactured by casting the molten 
glass upon a table on which the design has been cut and then immediately rolling to the required 
thickness leaving a smooth fire polished upper surface. 

1886. Sizes and Thicknesses. — The usual commercial thickness is in. but 
certain of the designs are also made ^{ej thick. It is cast in sheets from 24 to 48 

in. wide and 8 to 10 ft. long. All the designs, however, are not made in the extremely large 
sizes or in the heavier weights. A few of the designs, owing to the character of the pattern, 
are not made thinner than in. 

189. Wire Glass. — Wire glass is a sheet of glass in the body of which is embedded a wire 
mesh. It is used chiefly on account of its fire retarding qualities, and the fact that, when the 
glass is cracked, the fragments are held together by the wire maKes it especially suitable for sky- 
light glass and similar uses. 

189a. Manufacture, — There are three methods by which wire glass is manu- 
factured. By the Shuman process a sheet of glass is rolled and while still plastic, the wire 
netting is pressed into the glass and the surface smoothed. By the Appert or Schmertz process 
a thin sheet of glass is first rolled and upon this is placed the wire mesh, at the same time pouring 
and rolling a second sheet on top and embedding the wire. This is sometimes called the sand- 
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irich process. By the cdntinuous or solid process the wire netting is mechanically crimped and 
placed on the casting table and the glass poured and rolled over it. 

1895. Sizes and Thicknesses. — Wire glass is supplied in but one quality for 
glazing purposes. It is made polished and in a wide variety of surface finishes which serve to 
obscure the vision as well as provide a decorative finish and also special patterns for increasing 
illumination by diffusion or deflection. 

Wire glass may be had in the following thicknesses: j-i, H, and H in. The standard type of wire 

used has a mesh about 13'^ by in. and is not lighter than No. 24 B, & S. gage, except for 3^ in., in which No 
26 B. & S. gage wire is used. Wire glass can be obtained in sizes up to 60 in. wide and 144 in. long. 

Corrugated-wire glass is made in one thickness, which is about e in. Deep-angle sheets are 2^ in. center to 
center of corrugations and mesh with corrugated asbestos. Shallow-angle sheets are in center to center and 

mesh with corrugated iron. 

189c. Kinds of Wire Glass. — Wire glass is made with the folio vving lands of 
surface treatment: Rough, ribbed, figured, semi-polished, and polished. There is no such wire 
glass as 'plain wire glass and the use of the term leads to confusion as to whether rough or polished 
glass is intended. 

Rough wire glass is the glass just as it comes from the rollers. It is rough on the side next 
to the casting table and smoothly fire polished on the top surface. 

Ribbed wire glass has a corrugated or grooved surface on the casting table side and is 
smooth on the other side. 

Figured ware glass is similar to the above except that it has a figure or design on one side. 
There are many of these designs from which choice may be made, among the more common 
of which are Maze, Colonial, Moss, and Romanesque. 

Semi-polished or rough-rolled wire glass is ground and polished on one side only. It permits a well-defined 
vision up to a distance of 5 or 6 ft., and is sometimes used in elevator doors and where perfect transparency is not 
an essential requirement. 

Polished wire glass is rough wire glass after having both sides ground and polished. This glass is sometimes 
incorrectly referred to as polished plate wire glass. The method of casting the glass in the manufacture of wire 
glass is different from the method used m making plate glass and does not produce a sheet as free from bubbles 
as the latter method. While the more perfect sheets of rough wire glass are selected for polishing, the finished prod- 
uct is not supposed to be as free from bubbles and minor blemishes as polished plate ^ass. 

190. Prism Glass. — This glass has horizontal lines of prisms on one face and is smooth on 
the other. These prisms change the direction of the light and throw it back into the room, 
thereby materially increasing the general illumination. 

The usual forms in which this glass is manufactured are sheet prism, prism plate, prism 
wire, and prism tile. 

Sheet prism glass is made in sizes up to 60 in. wide X 138 in. long; thickness up to 42 in. 
high, }4: in., and over 42 in. high, in. Prism plate glass has the smooth side ground and 
poKshed. Prism wire glass is designed for use where deflection of the light and fire protection 
are both required. It is made in sizes up to 42 in. high X 138 in. long and is in. thick. If 
used in sizes etc. conforming to the rules and regulations applying to other wire glass, it is 
approved by the Fire Underwriters. Prism tile are made in 4 and 5-in. squares, are set in hard 
metal glazing bars, either zinc finish or copper plated, or in solid copper bars; and where required 
are reinforced with steel bars. 

These prisms are made in a large variety of angles and in order to insure their successful use the depth of the 
room, the height of the ceiling, the source of the light, etc., have to be taken into consideration in selecting the 
proper angle and method of installation to be used. Some of the manufacturers of prism glass have given the sub- 
ject of natural illumination considerable study, much of which has been published in booklet and even handbook 
form to which the users of this material are referred for detailed information. 

191, Sidewalk Glass. — Sidewalk lights or vault lights with glass set iu reinforced concrete 
or steel frames are used for lighting basements. The glass lenses are made in various sizes 
either round or square and as either flat pressed units or drop lenses of single or multiple prisms 
according to the distribution of light required. 
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192. Processed Glass. — There are three kinds of processed glass in either plate or window 
glass — ground glass, chipped-one process, and chipped-two process. The ground glass is made 
by either sand blasting or acid etching of one surface. The chipped glass is made by applying 
either one or two coatings of glue to the ground surface. 

192(2. Chipped Glass.- — This surface is produced by coating the glass with hot 
oil or glue and gradually heating and drying. The drying glue or oil slivers off the glass in 
various forms, no two flakes being identical, but with a uniform general effect. 

A single application and the consequent chipping produces what is known as single process chipped glass. If 
the glass has been previously sand blasted, lines of the original ground surface will remain. If the process is 
repeated on the same side of the glass, aU trace of the original surface disappears, the flakes or pattern is finer and 
the glass is known as double process chipped glass. 

1926. Ground Glass.— Ground or sand blasted glass has a milky or frosted sur- 
face produced by subjecting the sheet to a blast of fine sand. 

A ground surface is easily soiled or marked with pencil or chalk and is very difficult to 
clean. While it obscures vision, it does not give as good light transmission and diffusion as 
some of the figured patterns of sheet glass. When the ground glass effect is desired, a more 
satisfactory result may be obtained by the use of either acid ground glass or opal finished glass. 

192r. Acid Ground Glass. — This is similar in appearance to the ordinary ground 
glass, but it has a much finer and more delicate caste, a smoother surface and is more easily 
cleaned. This surface is produced by treating the glass with hydrofloric acid, rendering it 
semi-obscure or complete obscure as may be desired. 

193. Colored Glass. — Colored glass is produced by introducing various substances into 
the molten glass and the cost of the glass is largely determined by the cost of the coloring 
material required to be used. Almost any desired shade or combination of colors may be 
obtained by the use of opalescent, flashed opal, and cathedral glass. 

Figured rolled sheet glass and single and double strength cylinder glass may be obtained in 
standard solid colors of ruby, green, blue, orange, and violet. 

193(2. Opal Flashed Glass. — Flashed glass is made by blowing a thin film of 
colored glass on the surface of a sheet of clear glass. It can be obtained in sheets as large as 
37 X 59 in., in either single or double strength, in several degrees of density, and in either white 
or various tints. 

1936. Opalescent or Solid Opal Glass. — This glass is made in both smooth and 
granite surfaces, in white and various tints, and is cast in sheets about 26 in. wide by 40 to 50 
in. long. It is similar in appearance to opal flashed glass, but as the coloring matter is con- 
tained in the body of the glass it is considerably more opaque. 

193c. Cathedral Glass. — Cathedral glass is made with either a hammered or 
smooth surface, and in clear and a variety of tints. It is about in. thick, is cast in sheets 
about 30 X 90 in. and is one of the cheapest colored glass on the market. It is largely used for 
leaded glass work. 

193d. Colored Plate or Structural Glass. — White and black structural glass, on 
account of its nonporous, nonstaining, sanitary and easily cleaned surface, is used for counters, 
shelves, wainscoting, wall coverings, etc. It is made in sheets up to 60 in. wide, 100 in. long 
and in the following thicknesses: Hqi Kbj H) 1j in., and in natural, 

honed, and in ground and polished surfaces. 

Elastic cement should always be used for setting this material in order to reduce the liability of cracks caused 
by the settlement of the building; and, where metallic supports or angles are used, they should be packed and care 
taken in tightening bolts not to break the glass which is fragile near the edge. 

194. Special Glass. — There are kinds of special glass on the market which have been 
manufactured to meet some specific need, such as actinic glass and glass permitting the passage 
of ultra-violet rays in light. 

The actinic glass is used for windows, roofs, and skylights in warehouses or other buildings 
containing stocks of goods which are subject to fading in ordinary sunlight. 
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The glass permitting the passage of ultra-violet rays is used in sanitariums, hospitals, 
residences, etc., to provide a place where patients may be exposed to these rays. 

196. Glazing. Glazing is sometimes specified under carpentry, sometimes under painting, 
and sometimes made a separate section. In whatever section of the specifications it is placed 
it is desirable to have all glass under the one heading, Glass and Glazing. 

195a, General Notes. — All rebates in wood sash or doors should be primed 
before the glass is set, otherwise the wood will absorb the oil from the putty. All glass should be 
accurately cut to fit the rebates, preferably with a slight play and especially so in connection 
with metal. Rebates should be of proper size and depth {}/^ in. minimum) to receive the glass. 

All bending of curved glass is done at the factory and it is necessary to furnish accurate measurements, profiles, 
etc. All kinds of glass may be bent by placing the fiat sheet on a mold formed to the shape required and heating 
sufficiently to allow the glass to soften and fall to the shape of the mold, after which it is necessary to re-anneal the 
glass. 

195&. Setting Glass. — Glass is secured in place by means of putty or glazing 
beads or molds. When set in v'Tought-iron doors, the glass is sometimes bedded on felt or 
rubber strips. Sash are usually puttied, and beads or molds are usually used (always in first- 
class work) in connection with doors, glazed partitions, etc. Sash should be glazed flat and 
putty allowed time to harden before handling. 

Plate glass in large lights, such as in store front construction should be supported on pads 
of felt, leather, lead, oakum, or soft wood blocks, one at each end, and the glazing beads or 
molds, especially if of metal, should not be drawn too tight. 

I n setting mirrors care should be taken that not only the backs of the mirrors but also their frames or supports 
are protected from dampness. If set in small lights, as in French doors, especial care should be taken to have the 
backs of the rebates all in a true plane, otherwise the image will be distorted. To avoid this possible distortion a 
large mirror is sometimes used with false muntins on the face. If broken, however, this type of construction is very 
difficult and expensive to repair. The backs of all molds and false muntins should be painted black to prevent 
their reflection from showing. 

Cylinder or common window glass usually has a slightly bow'ed surface and should be set with the bowed or 
convex side out. This not only increases the strength of the glass but tends to lessen the distortion. 

Wire glass should be set with the twist of the wire running vertically. 

Figured glass in office doors should be set with the smooth side out (toward corridor) to allow for sign painting, 
and in windows with the rough side out wherever possible as the light transmission is better with the rough side 
toward the source of the light. This, however, does not necessarily apply to the scientifically designed prism glass. 

196c. Putty and Puttying. — Glass in window sash is usually secured in position 
by means of small triangular pieces of metal — known, as glaziers 'points — spaced from 6 to 10 in. 
apart, and then covered with putty so as to fill the rebate. This is known as face putt'ying. 

Bedding is a term used when a thin layer of putty is spread on the rebate of the open sash 
and the glass pressed in the putty to an even bearing. 

Back puttying consists in pointing up or forcing putty into those portions of the joint 
between the inside face of the glass and the rebate where the glass and the wood have not made 
absolute contact. 

In the best work glass in doors, especially in outside doors, is bedded and back puttied as well as secured with 
molds, and in sash is bedded, back puttied and face puttied. Stock sash are only face puttied and other sash will 
not be bedded and back puttied unless specifically called for. Figured glass if set with the rough side to the rebate 
is not usually bedded or back puttied on account of the difficulty in removing the putty from the ridges and depres- 
sions on the glass. 

The common commercial putty generally used for setting glass, where no particular make or brand is called 
for, is frequently of very poor quality. The best putty is made from pure whiting, linseed oil, and about 10 % 
of white lead paste. The addition of more white lead will cause the putty to dry too hard and to adhere so firmly to 
the rebate as to make re-glazing very difficult without damaging the muntins. 

196d. Metal Store-front Construction. — Plate glass in show windows, store 
fronts, etc., is usually set in metal sash bars, sills, division bars, etc., the area of the metal or 
obstruction of view being reduced to a minimum. There are several standard makes of all 
metal store front construction on the market and detailed descriptions and full size drawings 
of the different members may be obtained from the manufacturers. The best types secure the 
glass from the outside by means of a metal locking or clamping member and provide for drainage, 
Ventilation, and illumination if desired. 
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PAINT, VARNISH, LACQUER, STAINS, AND WATER PAINTS 
Bt'M. Y. Seaton and Glenn H. Pickard 

Paint, varnish, and lacquer, while often looked at as decorative materials only, should be 
considered as protective materials as well. At times, in the use of surface coatings, one of 
these two purposes overshadows the other, dependent upon circumstances. These offices 
are performed through building up successive thin surface coats or layers of materials that have 
distinct properties and separate services to perform; and each of these will render this service 
according as to whether or not it is the requisite material and correctly or incorrectly applied 
to a proper base. The function of stains is more decorative than protective, being used under 
paints and varnishes to bring out color or graining. 

196. Paint as a Structural Material. — Paints perform one or more important structural 
functions. As preservatives, they may, if the films are kept intact by occasional renewal, 
prevent rusting of iron and steel or, by excluding moisture and air, prevent or retard the decay 
of wood. As reflectors of light, they may increase the usefulness of office, factory, and ware- 
house spaces and, by their decorative effect, make surroundings more pleasant and make 
possible the use of materials the aspects of which are unattractive. 

197. Evaluation of Paints. — High quality in paint is dependent as much upon physical 
properties as upon chemical composition and properties if not more so. Chemical analysis 
can detect conformity or the absence of it with specifications or stated composition; can, to a 
very appreciable extent, determine the quality of the individual ingredients. Chemical 
analysis will not give final evaluation, because qualities dependent upon the physical state of 
chemical compounds and upon certain relations between the ingredients profoundly influence 
the service-giving qualities of protective coatings. 

Physical tests are not standardized, nor are they of universal application. Several systems of accelerated 
weathering have been announced and are used to a limited extent. The results obtained are not always consistent 
with themselves or with actual exposures under the conditions of service which is the most reliable means of evalua- 
tion. Knowledge of the existing data resulting from many exposures under varied conditions enables one to 
specify compositions that will meet all normal exposures and many special ones. Such data are available in 
publications, for instance, as those of the American Society for Testing Materials and the Scientific Section of the 
American Paint and Varnish Manufacturers" Association. 

198. Composition of Paints. — All paints consist of a vehicle, usually an oil or an oil con- 
taining varnish which hardens to a rubber-like mass of varying properties due to oxidation by 
the air; a pigment — that is, finely divided solid — or body of coloring matter in a state of sus- 
pension in the vehicle and dispersed throughout and surrounded by hardened vehicle to form 
the film; and a thinner to bring the mass to proper consistency for application. These must be 
suited to one another and to the use to which the paint is to be applied. 

199. Functions and Properties of Paint Films. — When applied on wood, paint protects 
by exclusion alone; that is, it keeps away from the underlying surface the destructive forces 
of the atmosphere, the most important of which are moisture and the oxygen of the air. By 
preventing contact with them, their effect on the wood decay is prevented. This is accom- 
plished by saturating the wood for an appreciable depth with a water-repellent, oxidized oil 
and by forming upon the surface a more or less impervious film which greatly lessens the extent 
of penetration of the wood by the atmosphere and by water deposited upon the paint film. 

In the case of steel, the protective forces are exclusion and inhibition of rust formation. 
The first is accomplished by the film of paint, while the second results from the chemical or 
electrochemical properties of the pigment. With an inhibitive pigment, rusting is prevented or 
retarded even though moisture and oxygen penetrate to the metal, while if a non-inhibitive 
pigment is used, rusting starts at the points where exclusion is not complete and travels along 
the surface around these, at first, minute entrances. 

Typical common inhibitive pigments are red lead, sublimed blue lead, and zinc chromate. 
The first two are the ones most widely used. 
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The properties of a newly formed paint film are fundamentally those of a plastic solid possessed in va^yin^r 
degrees of elasticity, distensibility, toughness, hardness, and imperviousness. 

These properties, except, in some instances, hardness, are possessed to the greatest extent by the fiilm when it 
has become thoroughly dried or hardened. From then on, decay gradually diminishes them all with the one excep- 
tion of hardness, which gradually increases until brittleness or friability results. 

Oxidation of the vehicle, of which reaction the actinic rays of light are a powerful catalyst, is the most potent 
cause of paint failure universally effective on exposed surfaces. It causes, first, a shrinkage of the film which sets up 
stresses and strains that must be met by the cohesion of the filrn and the adhesion of it to the surface. As the 
oxidation proceeds, the film will either crack uniformly over its entire surface ^with very small areas surrounded by 
the cracks, or it will crack with relatively wide and long cracks enclosing comparatively large areas of the film. The 
former type of failure results in chalking, while the other tends toward peeling and scaling or the formation of deep 
fissures generally extending from top to bottom of the film. Chalking is by far the most desirable form of failure 
because it presents the more satisfactory surface for repainting 

The properties of paint films as manifested by appearance, character of service rendered, and manner of failure 
are dependent upon several different influences. Sometimes but one is of importance, while at others a combination 
of them produces the effect noted. 

Among the more prominent of these functions of paint performance are the vehicle used, the chemical and 
physical properties of the pigments, the presence or absence of the reaction products between pigments and vehicle 
and their character, the color of the pigment, the ratio of the volumes of pigment and fixed vehicle, the age of the 
film, the surface over which applied, the atmosphere in w'hich the paint is exposed, and the location of the exposure, 
particularly wdth reference to incident light. 

If the vehicle is linseed oil, the freshly formed paint film will be elastic and tough. The greater the capacity 
of the oil to take up oxygen the less cheesy the film wiU be. If a varnish is employed in part or alone as the vehicle, 
the film will be hard and tough shortly after its formation. Paints with much varnish or heat-treated oils in them 
are enamels. Varnishes tend to cause failure by cracking. 

Pigments which are chemically inert form no bond between themselves and the vehicle. This tends toward 
early failure by chalking in whites and tints and at a normal rate in colors. The finer the pigment is ground the 
more dense and even the film. Coarse pigments shorten the life of paints because they present a relatively rough 
surface over the high spots of w'hich the vehicle rapidly fails. The reactive pigments are basic and form soaps "with 
the oil and resin acids of the vehicle. By this naeans there is formed a bond between pigment particles and vehicle 
which profoundly influences the film. If the soaps are soft and elastic, then results a paint which fails by checking 
or fine cracking followed by chalking. If the soap is tough and hard and forms a colloid with the rest of the vehicle, 
a film results which is very cohesive, lacking in elasticity, and which fails by cracking often followed by scaling 
and peeling. The character of this bond between the pigment and vehicle, and, consequently, that of the paint 
itself, can be controlled by ‘the selection of the pigment and the proportions used. The lead pigments form the 
soft, elastic bond, while those containing zinc oxide yield the hard, dense type. 

The chemically inert pigments which form no bond fail by chalking in an oil vehicle. With white pigments 
this happens in a comparatively short time. 

Inasmuch as light, coupled with oxidation, which it hastens, is the most powerful unavoidable influence of paint 
failure, those pigments which absorb the most light protect the vehicle longest and thus prolong the life of the paint. 
Black gives the most durable paint, other things being equals and white the least durable, with the shades and tints 
intermediate. Because glass absorbs the actinic rays, interior paints are more durable than exterior. 

Another means of protecting the vehicle and thus prolonging the service afforded by a paint is by increase of 
the ratio of the volume of the pigment to that of the fixed vehicle. Low-pigment-voiume paints fail with relative 
rapidity, no matter what their composition, while those with a pigment conteht such that from 30 to 40 % of the 
volume of the film is occupied by pigment give the maximum service. This fact is a very important and com- 
paratively recent development of protective-coating research. It results because the greater number of pigment 
particles proportionately absorbs or deflects a greater percentage of incident actinic rays of light. 

As the age of a paint film increases, the elasticity and distensibility of it decrease as a result of the hardening of 
the vehicle. Chalking or incipient cracking begins with progressive hardening resulting from oxidation. 

The surface upon which any protective coating is laid influences the service that will be rendered. Rough sur- 
faces expose a greater area for contact than do smooth ones. Greasy or damp surfaces prevent adhesion and 
contribute to blistering and peeling. Absorbent bodies withdraw vehicle from the wet films and make necessary 
more coats for complete" protection. Uneven absorption is hard to combat. In extreme cases, the porous areas 
should be touched up to prevent the piling up of too much paint on the non-absorbent areas. 

If the atmosphere about the surface carries excessive amounts of moisture, active gases, alkali or acid sprays, or 
mists, the paint film is damaged. The pigments, as a rule.;, are stable, except in appreciably acid areas, but the 
protection vehicles are suflficiently reactive to be affected by these conditions. 

Obviously, surfaces located in such a manner that light containing high proportions of the actinic rays strikes 
1 hem and where the sunlight is effective for longer periods of time will require more frequent painting for proper 
protection than if the reverse conditions obtained, 

200. Pigments. — Paint pigments are divided fundamentally into whites and colors. The 
whites are subdivided into opaque and transparent or extender pigments. ^The colors are 
subdivided into natural earth pigments and chemical. In the chemical class we have the solid 
colors and lakes, the lakes being organic dyes precipitated on inorganic bases. 
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200a. White Pigiments, Opaque. Lead Pigments. — Lead pigments of white color are opaque and 
chemically active. The one commonly known as white lead is basic carbonate of white lead, while another is basic 
sulphate. The former is made by the corrosion of metallic lead in one of several ways, while the latter is a fume 
pigment. Basic carbonate white lead is the only white pigment which can be used alone or with tinting colors ar 
the pigment. The lead pigments form a bond with the vehicle wJiich causes failure by chalking, because it but 
slowly loses its elasticity and causes the film to fail by checking, followed by chalking. 

Zinc Pigments. — The white zinc pigments are zinc oxide and leaded zincs. Zinc oxide is a practically pure oxide 
of zinc made from metallic zinc or from an ore which yields pure zinc oxide as a fume by reduction followed by 
oxidation. The particles of zinc oxide are the finest of all white pigments and second only, perhaps, to some lamp- 
blacks in this respect. The leaded zincs are made by the reduction and oxidation of ores which yield a fume product 
consisting of zinc oxide and basic sulphate of lead in varying proportions. Formed as they are together, they produce 
paints of different qualities than when zinc oxide and basic sulphate of lead are mixed in the same proportions. 
Zinc oxide reacts with vehicles to form soaps of a very dense, hard character. They cause lessened adhesion to the 
surface and also failure by cracking, followed, in many instances, by cracking and scaling or peeUng. Zinc oxide 
forms the products which cause washing when paints containing it are applied and allowed to dry in relatively 
damp, cold weather. 

Lithophone, — Lithopone is a white pigment made by simultaneously precipitating zinc sulphide and barium 
sulphate by the mixing of soluble salts of each. It is an extremely white pigment, now stable to light and, there- 
fore, valuable for use in exterior as well as interior paints. The hiding power of lithopone is high. Lithopone is 
inert, forming no bond with the vehicle except as it may contain a small amount of zinc oxide. This causes 
early chalking unless corrected by accompanying zinc pigment. 

Titanium Pigments. — Of recent years, titanium oxide, either alone or in a composite pigment with barium or 
calcium sulphate, has come into comparatively wide use. Pure titanium oxide possesses the highest hiding power of 
any white pigment. Its high cost prevents wide usage. As a composite pigment of about 25 % titanium oxide and 
the balance barium sulphate, sold under the name of titanox, titanium enjoys an increasing consumption. It is an 
absolutely inert pigment, forming no bond whatever with the vehicle and, therefore, fails early by chalking. Zinc 
oxide generally accompanies it in paints. 

2006. White Pigments, Extenders. — The extender pigments are natural products, the most im- 
portant ofwhich are barium sulphate, calcium carbonate or whiting, silica, china clay, and magnesium silicate. 
These pigments are termed extenders because they impart neither color nor opacity to the paint. Intelligently 
and conscientiously used they are an asset to the paint industry. They form no bond with the vehicle. 

200c. Colored Pigments, Reds. — There are red pigments both of natural and of chemical origin. 
Iron oxide is the most important natural red pigment. These oxides vary in their content of iron and in their shade. 
Some are made by the precipitation of iron salts followed by furnace treatments to develop a red of desired 
shade. They usually contain calcium sulphate which detracts from their value, especially on metal. 

In the chemical class there are many red pigments produced by the precipitation of materials like paranitranilin 
and toluidine on barium sulphate or other inorganic bases. Red lead is an o5range-red pigment. It is the most 
widely used and the best rust-inhibitive pigment available. Recently, pigments of high true red-lead content 
have been manufactured which permit of marketing the material as a paste or liquid paint, whereas, previously, 
such paints were prone to cake or settle badly. The physical state of the material permits of high pigment con- 
centration and, therefore, maximum protection. The efficiency of it is reduced by any admixture except black and 
blue used to make the color of the paint brown or black. 

Yellows. — These occur as natural and chemical pigments. The natural ones are generally hydrated iron oxides 
mixed with silicious material of which ocher is typical. Others are the chrome yellows and zinc chromate. The 
latter is used, to a limited extent, as a rust-inhibitive pigment. Both classes of yellow pigments are used, to a great 
extent, as tinting colors. 

Greens. — Greens are, for the most part, chemical pigments. The most important of them are a mixture of 
Prussian blue and chrome yellow prepared in pulp state. Their greatest use is as tinting colors, though solid greens 
are fairly prevalent. 

Blues. — Blues are chemical pigments used, to the greatest extent, as tinting colors. Prussian and ultramarine 
blues are the ^most important. Sublimed blue lead is a fume pigment of a modified basic sulphate of lead base 
which is an excellent rust inhibitive and, therefore, valuable in metal paints of all kinds. 

Browns: — The brown pigments are usually iron oxides containing silica and sometimes much manganese. 
The umbers are of this latter class. They have much the same properties as do red oxides of iron, save color. 

Blacks. — Lampblack, which is a soot pigment made by the burning of oil and carbon black by the burning of 
gas, are the most important black pigments. They are used as tinting colors or with inert pigments in solid black 
products. Both are exceedingly fine products. Drop or boneblack is the blackest of all pigments. Graphite is 
a very important pigment of this class. It is used in large amounts on top coats for ironwork. It makes a paint 
film which is very impermeable and of high excluding power. Black oxide of iron is a valuable pigment used, to 
some extent, as a rust inhibitive. 

201. Paint Vehicles. 

201a. Drying Oils. — Drying and semi-drying oils are the most important paint 
vehicles. Linseed oil is by far the most widely used. It is used as raw oil, boiled — that is, 
containing driers in solution which shorten the drying period — bleached oils — that is, those 
of pale color — and bodied oils, the latter used particularly in enamels. Soy bean and fish oil 
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are used to some extent. The films that they form are soft and less capable of withstanding 
abrasion than hnseed-oil fihns. When varnish is used as the vehicle in appreciable amounts, 
the product is termed an enamel. The so-called high-grade all-oil enamels have as a vehicle 
heat-bodied linseed oil, with, possibly, additions of relatively small amounts of other oils or 
varnish. 

2016. Thin n ers. — Volatile oils, called thinners, are used to reduce paint products 
to brushing consistency. They carry in solution or in a colloidal state the non-volatile portions 
of the vehicle and any products which result from the reactions between the pigment and the 
vehicle. Tor paints, turpentine is used to a very great extent. It has better solvent powers 
than other materials used in its stead, both for the materials of the paint and for the resins of 
the wood. By reason of the latter property, it causes better penetration and anchorage of the 
film to a wooden surface. Petroleum thinners of several distinct distillation ranges are used to 
a great extent. As previously stated, they are inferior to turpentine in wood priming coats. 
If properly made — that is, possessing no non-volatile residue and no tendency to darken — they 
are very satisfactory thinners for many purposes. 

201c. Briers. — These are soluble compoimds of lead, manganese, cobalt, or 
mixtures of them present in the vehicle. Their function is to accelerate the absorption of 
oxygen and consequently the hardening of the drying oil. Their use in excess hastens the final 
disintegration of the paint film. 

202. The Manufacture of Paint. — The manufacture of paint is a comparatively simple 
operation. It consists of three steps: first, mixing the pigment and the vehicle; second, grinding 
this mixture to a paste; and, third, thinning the paste to proper consistency for application. 
The mixing operation is important and practically the same for all types of paint. In grinding 
to paste form it is essential that the grinding be thorough so that the pigment will be completely 
wet by the vehicle, and the particles of the pigment will be fine. 

Pastes are of varying consistency. The ordinary paste, as represented by white lead in oil, is a stiff paste fairly 
hard to break up, while another type, termed semi-paste paint, carries a greater proportion of vehicle and is, there- 
fore, more easily broken up. In the thinning of these pastes, volatile solvents and oils are added, a stiff paste 
requiring more oil than the semi-paste. The ratio of pigment to vehicle and the oil absorption of the pigment will 
determine the amount of volatile that is necessary to reach proper brushing consistency. 

203. Preparation of Paint for Use. — The ready-mixed paints are those that are made at 
the factories with all essential ingredients present. They are generally designed for finish 
coats as they come and, therefore, must be modified for application as primer and second 
coats by the addition of oil or thinner or both. One essential is that a ready-mixed paint shall 
be thoroughly mixed, because all paints settle. If pigment and vehicle are not in a homogene- 
ous mass when applied, the proportions of the ingredients will vary and may cause trouble. 

To bring a semi-paste paint to brushing consistency more oil and thinner must be added. The character of the 
paste and the service to be rendered controls the amounts of each. The use of semi-paste paint makes it easy to fit 
the pigment and vehicle proportions to meet service requirements. In breaking up a stiff paste, such as white lead 
alone, care must be taken to eliminate all of the lumps. Sometimes, a zinc-oxide paste is added to white lead. 
When this is done, the mixing and thinning procedure is important, and proper sequence of the additions must be 
adhered to. First, the lead paste should be softened up with only so much oil as is necessary to make it easily 
stirred. Then the zinc paste is added to the white-lead paste and thoroughly mixed. Tinting colors follow, then 
drier, and then the balance of oil and thinner. Because of the tendency of paints and pastes to skin over, it is 
essential to strain them, in almost all cases. 

204. Design of Paints. — It is very important that a knowledge of the properties of the 
materials and the conditions obtaining that influence the service should be possessed by the 
designer of the paint. Paints for general use must have ingredients of essential quahties and 
in proper proportions. Many special cases arise, due to the condition of the surface, the 
atmosphere of exposure, or the character of the service demanded which must be studied and 
for which coatings must be designed to meet them. Many paint failures are unnecessary 
because paint has been used incapable of rendering the service demanded. 

206. Application of Paints. — -The surface must be in proper state to receive the coat. In 
every case it must be dry, for moisture prevents the adherence of practically all paints on almost 
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all surfaces. Plaster should be free from ‘‘hot spots” — that is, areas containing free lime — for 
free lime will saponify the vehicle, thus causing disintegration of the paint in extreme cases, 
and will change the shape of many colors if not completely destroy the color pigment. Steel 
must be free from grease, from rust, and from adhering scale. Wood must be free from mildew, 
for paint will not stop the growth of this fungus. If pitchy wood is used, larger amounts of 
turpentine are required to secure anchorage of the paint film. Mineral spirits will not serve. 

The first coat of paint, known as the priming coat, must key to the substance to which it is to be applied, must 
be unaffected by any substances contained in that surface, and must afford a proper surface upon which to apply 
the subsequent coats. On steel, the priming coat must inhibit the formation of rust. Priming coats must dry to a 
hard, though elastic, surface. 

After the priming coat, the base or intermediate coats are applied when three or more applications are made. 
When two-coat work is done, the finish coat goes directly onto the primer. As a rule, three-coat work is more satis- 
factory than two-coat, though, in some cases, fairly satisfactory service is rendered by two-coat work. The 
finishing or last coat applied is the surface which receives all the wear. It is, therefore, necessary that it not only 
give the finished appearance desired but also be able to withstand atmospheric and other conditions of use to the 
greatest possible extent. The priming coat should be well worked into the surface, brushing both with and across 
the grain. It should be brushed out thin and cover the entire surface as evenly as possible. All coats should be 
thoroughly dry before the next one is applied. 

Application by dipping and spraying are preferable in some cases. There is a question as to the relative capac- 
ity for service of properly brushed and sprayed coats of the same material. Paints should never be applied in very 
cold weather, particularly in cold, damp weather, because it is prone to cause washing, especially in paints contain- 
ing appreciable amounts of zinc oxide. Less trouble will result from the application of too thin coats of paint than 
if they are applied too heavily. If not enough paint has been spread, there will be lack of hiding, which can be 
secured by additional coats. If heavy coats are applied, they are liable to oxidize on the surface, leaving the under- 
lying portions soft. Such a state frequently causes trouble. Too much paint also piles up the depth of the coating 
too rapidly and finally necessitates an expensive removal of hard masses and cracked and scaling coats by burning 
them off or by the use of paint remover. 

206 , Paiating Concrete, Stucco, and Plaster. — Painting these surfaces is one of the most 
difficult problems encountered. The alkaline materials present must be prevented from 
acting upon the drying oils which they readily saponify. The surface is porous and tends to 
absorb the paint before drying can occur. This absorption is frequently uneven, causing dull 
spots in the finish. It is absolutely essential that plaster be dry before a paint is applied. It is 
much better if the painting can be done after a period of dry weather because of the tendency 
of moisture from the atmosphere to condense upon the plastered surface. Painting will not 
prevent the formation of efflorescence unless the source of moisture infiltration is first found 
and stopped. 

Free lime usually disappears from such surfaces after about 2 years' exposure. Only on rare occasions can such 
a period of weathering be allowed. It is necessary, therefore, to neutralize as far as possible the free lime in the 
paint. This is best done by dissolving about 6 lb, of zinc sulphate in warm water and then brushing, spraying, or 
sponging this solution over the surface. Zinc sulphate converts the line into calcium sulphate while the zinc goes 
to the form of oxide. After thoroughly drying, priming coats may be applied. 

For sizing inside plaster surfaces, good paint containing about 50 % of varnish should be used. Varnish size is 
sometimes used, but while it stops suction and thereby enables the painter to reduce, possibly, the number of coats 
required for the finish, it docs not properly key to the surface and is itself glossy. 

If a ready-mixed flat coater is used, 1 qt. of oil should be mixed to the gallon of paint for the first coat, unless 
otherwise stated in the manufacturer’s directions. 

If a ready-mixed paint is used, IH pt- of turpentine and 1 pt. of linseed oil to each gallon of paint should be 
added for priming. To other undercoats 1 pt. of turpentine should be added to each gallon. , 

If hand-mixed paint is used, the proportions of fixed vehicle and thinner should bo adjusted to meet the requirc*- 
menta of the plaster, the more porous the more oil required. ^ 

Each coat should be allowed at least 3 days to dry, and no painter should permit himself to be hurried beyond 
the point of absolute safety in assuring results. 

207 . Painting Brickwork. — Unglazed brick presents a very absorptive surface for painting. 
Obviously, it must be thoroughly dry before any application is made. In order to obtain a 
satisfactory result, it is necessary to prevent the brick from absorbing the oil from the finishing 
coats of paint before they have had opportunity to dry. This may be accomplished by first 
applying two coats of raw oil with drier or boiled oil. Care must be taken, however, not to use 
so much oil that a glossy surface results, else the paint will be applied upon a too soft under- 
coat. It is, perhaps, better to use long oil paints for this purpose. Occasionally, a special 
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paint designed with a viscous vehicle can be used. The viscosity reduces the penetration and, 
therefore, fills the pores of the brick by a bridging. Ample time must be allowed for the paint 
to dry. Approximately 10 days will be required. When the pores of the brick have been 
sealed up, ordinary paints such as are used for wood are satisfactory. Old stucco or rough 
plaster surfaces may be treated as are brick walls. 

208. Paints for Interior Walls. — Illumination is so largely influenced by wall color that the 
painting of factory interiors becomes important entirely aside from any sanitary or decorative 
advantages gained. Cold-water paints are sometimes used but, except in isolated cases, are 
undesirable, since they are unsanitary, easily soiled, and eventually flake from the surface. 
Flat wall paints — ^that is, paints drying with a full finish — are desirable in residences and office 
buildings. They contain pigments of high opacity and extender pigments mixed usually with 
a vehicle of a China-wood oil varnish. If of good quality, they will stand repeated washing 
without injury. For factories, a gloss paint is preferable, as it is more durable, withstands 
cleaning better, and reflects more light. Such finishes are termed mill whites. They are akin 
to enamels. Lithopone is almost invariably the principle pigment used, and the vehicle should 
be especially prepared so that the paint will not yellow with age or on exposure to industrial 
gases. 

209. Paints for Steel. — As previously stated, steel is protected by exclusion and by the 
use of a pigment which has inhibitive action upon rust formation. Red lead is the most 
generally used pigment, and none is better. Sublimed blue lead is an excellent inhibitive pig- 
ment and can be used as the only pigment of the paint, because it is satisfactory in finish as 
well as priming coats. Zinc chromate, black oxide of iron, and a special pigment resembling 
Portland cement in composition are used to a greater or lesser extent. An inhibitive pigment 
should always be the pigment in the first coat applied to steel. Some of these pigments produce 
paints which have little durability unless protected from the weather by superimposed layers. 
Red lead is typical. A paint of high excluding power and resistance to the atmosphere should 
be used for finishing coats. Red-iron-oxide paints are popular, and graphite forms a paint 
particularly effective in these respects. Red lead containing sufficient lampblack and Prussian 
blue to give it a black color forms a very serviceable black finishing coat. The properties of 
the second coat may be modified depending upon the use to which the painted steel is to be 
put. 

210. Painting Galvanized Iron, Zinc, and Copper. — Galvanized iron is, on account of the 
character of its surface, especially when new, a very difficult material to paint because of the 
lack of adhesion of most filgas to it. It is particularly essential that galvanized iron be painted 
only when it is absolutely dry. 

Paints used for this purpose should have comparatively low cohesion. That is, zinc oxide in any form is best 
left out because of the hard film which it makes. The use of varnish or bodied or viscous oils increases the adhesion. 
In some cases, the application of a mixture of 4 parts of naptha to 1 part of boiled linseed oil upon the metal has 
been used with good results. If galvanized iron is allowed to weather for a year before painting, ordinary oil paints 
may be used. If this practice is followed, care must be taken that rust formation has not proceeded far enough 
to make trouble. The use of a solution of 6 oz. of copper acetate or sulphate to a gallon of water has been found 
satisfactory. This roughens the surface of the galvanijsed iron and gives it a blackened appearance. 

What has been said regarding galvanized iron applies also to rolled zinc. 

The painting of copper presents much the same difficulty, and the same general practice is 
applicable as in the case of galvanized iron. 

211. Varnish. — '‘Varnish is a liquid not containing suspended matter (pigment) used for 
decoration or protection and capable of being spread in a thin homogeneous film which will 
dry to a hard coating.” It is roughly classified as spirit varnish and oil varnish, according to 
the vehicle used. Spirit varnishes contain only resin, shellac, or similar substances, and a 
volatile solvent, usually alcohol or turpentine^ oil varnishes contain, in addition to the resin, 
etc., a drying oil. The oil varnishes are the more important class and embrace numerous types, 
such as spar varnish, exterior varnish, interior varnish, floor varnish, rubbing varnish, etc. 
Based upon the relative amount of gum and oil used in oil varnishes, they are known as short-oil 
and long-oil varnish. 
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In short-oil varnishes, hardness, luster, susceptibility to high polish, and qmck drying are more essential quali- 
ties than durability. They include such varnishes as furniture, rubbing, and polishing varnish. Medium oil 
varnishes include the usual architectural varnishes. In these, hardness, luster, and a fair degree of durability are 
the most desirable qualifications. In long-oil varnishes, durability is the principal quality desired, and they are 
intended primarily for exterior use. The short-oil varnishes are hard; the medium varnishes, moderately hard; 
and the long-oil varnishes, elastic. By blending, almost any degree of hardness and elasticity may be obtained. 

The principal raw materials used in the manufacture of varnish are drying oil (linseed oil and China- wood oil), 
volatile thinners (turpentine, mineral spirits, and alcohol), metallic dryers (metallic compotmds of lead, manganese, 
and cobalt), and resin (copals, including "fossil” gums, dammar resin, shellac, resin, and ester gum). 

Architectural-oil varnishes contain resin or gum in some form as an important constituent. The resin is heated 
until completely melted, and the previously heated oil is then added. The dryers are added either separately or 
incorporated in the oil, and the mixture heated until it is judged ready to be cooled, thinned, and stored. Hardne.^s 
is usually obtained by increasing the amount of resin; and elasticity, by decreasing the resin. 

The details of manufacture vary in connection with the different grades and kinds of varnish and among differ- 
ent manufacturers in the making of the same kind and grade of varnish. Oil varnish is not a mere mechanical 
mixture of the various raw materials. Chemical changes take place in both the oil and the resin; and it is possible 
by varying the methods of manufactiire, to produce varnishes of radically different properties from the same kinds 
of raw materials. 

Flattening or flat-finish varnishes are of special and often complex manufacture and frequently contain wax and 
a small amount of pigment or aluminum stearate or palmitate. Some, however, are produced by the use of China- 
wood oil not heated suflS.ciently to prevent it from drying flat. 

The principal spzrit varnishes used in connection with building are dammar varnish and shellac varnish. Dam- 
mar varnish is made by treating dammar resin with turpentine, or light mineral oil, usually in the proportion of 5 to 
6 lb. of resin to 1 gal. of solvent. The resin is not entirely dissolved, and the commercial varnish shows some turbid- 
ity or cloudiness. Shellac varnish is made by dissolving white or orange shellac in alcohol. Either wood or a grain, 
alcohol may be used, but on account of the disagreeable odor and danger of poisoning attending its use, the former 
is seldom used alone, and the use of grain alcohol is usually made a requirement in connection with the manufacture 
of shellac varnish. A usual proportion for a rather heavy body varnish is 5 lb. of shellac to the gallon of alcohol. 
This may be thinned to whatever consistency is required in connection with its intended use. 

Shellac varnish finds a large use as an undercoating or first coat in connection with varnish and wax finish. 
Applied in a thin coat it is easily rubbed with steel wool to a dull, smooth surface. It should not be used in con- 
nection with exterior work as it has poor resistance to atmospheric conditions. 

Shellac, either orange or white, is sometimes used for a finish alone. It gives a very pleasing finish without 
much luster but requires more coats than oil varnish, is easily worn down, injured, or defaced, and turns per- 
manently white from contact with water. - . 

Architectural varnishes are designed especially for use in the decoration and protection of the exterior and 
interior woodwork of buildings. 

Exterior varnishes have, as a prime requisite, ability to resist exposure. They should be elastic and should 
resist abrasion, moisture, light and heat, or sun and cold. Spar varnishes were originally designed to protect the 
spars of ships, but the term is now sometimes applied to a class of tough, elastic interior varnishes as well as a 
varnish for exterior use. Spar varnish should dry slowly, should have a moderate luster, remain elastic, and be 
resistent to water. • 

Marine varnishes are designed to resist salt or fresh water and marine atmosphere. 

Coach varnish was originally a high-gloss varnish for finishing carriages, railway coaches, etc., and the term 
No. 1 coach indicated the best quality. At the present time. No. 1 coach varnish has no definite meaning. 

Interior varnishes for general interior finish should be of fair body, moderately rapid in drying, fairly light in 
color, of moderate hardness, unaffected by occasional moisture, and of permanent luster. The best grades will not 
turn white on exposure to water. They are not expected to possess the same resistance as can be obtained in 
exterior varnish. Varied and diverse effects and surfaces are required of them, and the choice of the interior varnish 
to use largely depends on the particular surface finish desired. 

Hard oil finish was originally a finish obtained by rubbing the wood with a number of successive coats of linseed 
oil. As applied to varnish, the term today is meaningless and does not denote quality, many manufacturers list- 
ing a cheap grade of varnish as hard oil finish- 

Rubbing varnish is a varnish capable of being abraded with pumice stone and polished. It must bo hard, 
comparatively brittle, must not soften with heat generated by friction nor be affected by the water or oil used in the 
process, and must be capable of receiving a high polish. 

Polishing varnish is similar to rubbing varnish but is capable of receiving and retaining a high polish. 

Flat varnish dries to a dull or semi-gloss finish and is used primarily to get the effect of rubbed work at consider- 
ably less expense. Ordinarily, interior varnish may be flattened by an addition of turpentine and wax, but the life 
of the finish is thereby materially lessened. Many of the ready-prepared flat finishes contain wax and should be 
used with the fact borne in mind that wax is the only material with which they can be refinished, neither varnish nor 
paint adhering to a waxed surface. 

Floor varnish should be elastic, should dry overnight, and should be ready for use in 48 hours. It should be 
tough and resistant to shock or abrasion and not affected by moderate contact with moisture. Shellac is some- 
times used as a floor varnish, but it is brittle, turns white on contact with water, and has poor wearing qualities. 

Tests for Varnish. — The testing of oil varnishes by analysis is not a satisfactory way in which to judge quality. 
The present methods of analysis are not adequate to determine the relative amounts of the different resins or to 
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separate the drying oils. Moreover, the method of manufacture is, to a large extent, responsible for the Quality 
of different varnishes even though composed of the same raw materials. Recently, much "work has been done 
upon the evaluation of varnishes by physical tests. These are described in the specifications of the Federal Specifi- 
cation Board for the various types of varnishes. The methods for testing water-resisting spar varnish are described 
in Circular No. 103 of the Bureau of Standards and of interior varnish in Circular No. 117 of the Bureau of Stand- 
ards. These methods, when employed by one familiar with protective coatings, g^ve valuable information as to the 
service-giving qualities of the material under test. 

212. Lacquer. Recently, lacquers — that is, protective coatings containing appreciable 
amounts of nitrocellulose have assumed great importance in the protective coating field. 
Their use as materials of engineering is as yet somewhat limited, though they are applied for 
the finish of interior surfaces such as woodwork and walls of hotels and office buildings. 

They are composed of four main ingredients — nitrocellulose, which gives them toughness, hardness, and 
resistance to abrasion; gums, which give them increased adherence, greater luster, and make them more brittle; 
plasticisers, which are non-volatile liquid materials which increase the elasticity and plasticity of the coat; and 
volatile solvents, which are divided into nitrocellulose solvents and gum solvents or diluents. The great advantage 
of these materials compared with the older finishes is in the speed with which work can be completed with them. 

213. Stains. The function of wood stains is to change or modify the color of the wood and 
to bring out the grain and texture of it. They are known as oil stains, varnish stains, water or 
acid stains, spirit stains, and chemical stains, dependent upon the vehicle employed. 

213a. Oil and Vamisla Stains- — An oil stain is one in which the binder is entirely 
oil. It is reduced in consistency by the employment of various solvents. A varnish stain is 
one in which varnish is used instead of oil alone. The selection of the solvent for any stain is 
important because upon it depends the penetration of the stain into the wood. Further, some 
solvents affect the dyes that may be used to impart color. In this t 3 ’’pe of stain the color may 
be acquired through the use of soluble aniline dyes or by pigments of high tinctorial power of 
which so little need be used that the finish appears transparent though colored. 

Because of their ease of application and cheapness, the aniline stains are supplanting the pigment stains. 
These stains are easy to apply and do not raise the grain of the wood and, consequently, are largely used upon resin*' 
ous wood such as yellow pine and for the staining of exterior woodwork. They are applied with a brush. It is well 
to wipe them off to even up the degree of staining and to prevent the obscuring of the grain. In staining such wood 
as yellow pine, it is well to apply a thin coat of linseed oil and about 10 % of turpentine before staining, because 
in woods of this class there is a marked difference between the absorption of the heart or harder portions and that of 
the sap or softer portions of the wood. Consequently, if the stain if applied without previous treatment of the wood 
there will be too much contrast between the hard and soft portions. The coat of oil tends to equalize absorption of 
these surfaces. For staining exterior woodwork such as half- timber work, exposed rafters, and so forth, pigment 
stains are to be preferred because of their greater permanency. 

2136. Water and Spirit Stains. — These stains are solutions of dyes, one in water 
and the other in volatile solvents like benzol, alcohol, or acetone. Because of the lack of any 
binder they are prone to fade. Occasionally'', a mild acid is added to prevent this tendency. 
They are clear, penetrate deeply, and do not obscure the grain of the wood. 

Water stains give the most satisfactory results in bringing out the natural beauty of the wood but have a 
tendency to raise the grain. In order to correct this, open-grain woods, such as oak, should be first sponged with 
water, allowed to dry, and then sandpapered. The stain may then be applied without further raising of the grain. 
If sandpapering follows the application of the stain, too much of the stain will be removed and the surface will be 
dulled somewhat. Water stains are very satisfactory for use upon wood over which lacquer is to be applied. 
Lacquer is prone to cause the bleeding of stains because of the solvent power of the volatile portions. 

213c. Cheiuical Stains. — These change the color of the wood through chemical 
action and not through coloring matter contained in a vehicle. They are adapted for use only 
in connection with woods such as oak, chestnut, and ash and are composed of various chemicals, 
usually dissolved in water. The fundamental principle is a reaction between these chemicals 
and some of the constituents of the wood, such, for instance, as tannin. 

Among the more commonly used materials are iron salts, which produce various shades of brown; potassium 
and sodium bichromate, producing various shades of brown and red; copperas, together with zinc sulphate, produc- 
ing green and various weathered effects; potassium permanganate, producing a soft, silvery gray effect; and numer- 
ous others. Chemical stains should not be used by other than experienced painters. As a finish over these stains, 
varnish or wax can be used. 
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214, Fillers. — Fillers are finished used to fill the pores of open-grain woods. They consist 
of a sharp-grained pigment such as silica, with a proper binder. They are sometimes colored 
by the use of pigments. Thej^ are sold as paste and liquid fillers. 

Paste fillers are used upon open-grained wood such as chestnut and oak. The vehicle is generally a special 
type of varnish, or it may be an oil. The paste is thinned with turpentine or benzol, brushed onto the surface, 
and wiped off after it has set but before it has hardened. Wiping off should be carefully done across the grain so as 
to remove only the filler upon the surface and not from the gram. 

Liquid fillers are of the same general composition but contain a varnish as a vehicle. They frequently are 
applied as a varnish and are allowed to remain without rubbing off. They have a tendency to discolor the wood and 
occasionally do not dry out entirely. They are used for cheapness rather than quality and are generally considered 
inferior to paste fiillers. 

216. Cold-water Paints. — Under this heading come whitewash, exterior cold-water paints, 
and calcimines. The last mentioned are purchased in the dry state all ready to add water to, 
or else the ingredients themselves are purchased and mixed on the job. Calcimines are com- 
posed of a white or tinted pigment, generally whiting and clay together with a water-soluble 
binder such as glue or casein. They have high hiding power because there is no vehicle sur- 
rounding the pigment. 

The Bureau of Lighthouses, Department of Commerce, Washington, D.C., issues a docu- 
ment which describes what is generally known as Government Formulas for Whitewash. A 
verbatim transcript is as follows: 

The following formula for whitewashing has been found by experience to answer on wood, brick, and stone, 
nearly as well as oil paint, and is much cheaper: Slake bu. of unslaked lime with boiling water, keeping it covered 
during the process. Strain it and add a peck of salt dissolved in warm water, 2 lb. of ground rice put in boiling 
water and boiled to a thin paste, lb. of powdered Spanish w’hiting, and 1 lb. of clear glue dissolved in warm water, 
mix these well together and let the mixture stand for several days. Keep the wash thus prepared in a kettle or 
portable furnace, and when used put it on as hot as possible, with painters or whitewash brushes. 

The following simpler formula for mixing whitewash, when properly made and put on, gives a white that does 
not easily wash or rub off, mz.i To 10 parts of best freshly slaked lime add 1 part of best hydraulic cement; mix well 
with salt water and apply quite thin. 

In Farmers’ Bulletin No. 474, entitled “The Use of Paint on the Farm” and obtainable from the Superintend- 
ent of Documents, Washington, D. C., will be found this and other formulas for whitewash, including those to which 
color is added for tinting purposes. 

216. Standard Definitions of Terms Relating to Paint Specifications.— This is the title of a 
series of definitions adopted by the Amei’ican Society for Testing Materials and issued under 
the Serial Designation D 16-1 5. Architects and other specifiers, and all users of paint and allied 
products, should familiarize themselves with the terms and definitions in this document, which 
relate to various materials, processes, and methods of application. This, together with all 
other documents of the American Society for Testing Materials, is distributed to members and 
may be obtained by others for a nominal sum from the secretary at the Engineers’ Club, 1319 
Spruce St., Philadelphia, Pa. 

The Paint Manufacturers Association of the United States, in 1916, also adopted definitions and nomenclature 
to replace manufacturers’ titles or trade names in common use. These are consistent ■with the above-mentioned 
standard definitions and are contained in Circular No. 42 obtainable from the secretary at the Bourse Building, 
Philadelphia. 

217. Standard Formulas, Specifications, and Tests.— There are numerous sets of specifica- 
,tions and tests covering the materials employed in the manufacture of protective coatings. 
Reference to the indices of the American Society for Testing Materials publications, of the 
Circulars of the Bureau of Standards prepared by the Federal Specification Board covering 
paint materials, and of the specifications of the British Engineering Standards Association 
available by addressing this association at 28 Victoria St., London, S. W. 1, England, will 
disclose a long list of specifications helpful in specifying, designing, and studying from various 
angles the engineering materials which have been under discussion in this chapter. 
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BUILDING AND SHEATHING PAPERS AND INSULATING MATERIALS 
By D. Knickekb acker Boyd 

218. Uses. — In wood-frame buildings, whether covered with clapboards, shingles, or stucco, 
it is almost always desirable to provide against heat, cold, and dampness. This is the primary 
use of every kind of insulating material, although the necessity for soundproofing certain rooms 
or sections of a structure may also require the use of these materials. 

(a) Walls. — For use on side walls against the sheathing, the paper should be permanent, impenetrable to air 
and water, and tough enough to be handled without tearing. Such paper should be proof against vermin and should 
not have a strong lasting odor. There are many types meeting these requirements, and the one most appropriate 
should be selected from samples which will be furnished by the manufacturers. The felt should be lapped toward 
the ground and well nailed. 

(b) Roofs. — "Under slate, tile, asbestos shingles, and metal, “roofing paper” is usually employed to provide a 
cushion for the roofing materials, insulation against heat and cold, and as a protection to the building until the 
finished roof is laid. The “paper” bears little relation to the water-tight qualities of the roof, since every nail used 
in fastening the material is driven through the “paper.” 

Although the term “roofing paper” is applied indiscriminately to the materials used under roof coverings, the 
proper description is “asphalt-saturated rag felt.” There are many other products on the market for this purpose, 
but it is economy to use only the best. 

Under^ slate, 14-lb. felt is recommended; the heavier weights of 20, 30, or 40 lb. may well be used where the 
appropriation allows. On graduated slate roofs, the 30-lb. weight is commonly used when the slates are ^ in. or 
less in thickness, and the 50-lb. for slate 1 in. or more. In some localities, two layers of felt, the first 30 and the 
second 12 or 14 lb., are used under heavy slates. 

The felt should be laid in horizontal layers with the joints lapped toward the eaves and at the ends. A lap of at 
least 3 in. should be used, and the edges should be well secured to the surface over which it is laid. A lap of not less 
than 2 in. should be used over the metal lining of valleys and gutters. If metal other than copper is used as a lining, 
the felt should be omitted in the valleys. Extend the felt over all hips and ridges at least 12 in. to form a double 
thickness. 

219. Types of Papers. — Because of their interchangeability for different uses, it is difficult 
to classify the various types of papers and felts. Generally speaking, however, the following 
will be found to apply. Before deciding upon the type, the architect should consult the data 
of the manufacturers to be sure that the type he is specifying is the one he wishes to have used 
in any particular location. 

219a. Building Papers. — The most common covering or insulating materials 
are known as “building papers.” They are resin-sized paper, usually red or buff in color but 
sometimes black, put up in rolls usually 36 in. wide, carrying 500 sq. ft. t;o the roll and weighing 
from 18 to 50 lb. Ordinarily, they are not waterproof and are used only in the most inexpen- 
sive w’'ork, such as wall sheathing or between floors where they tend to keep out dust and wind 
and are also some protection against heat and cold. They are likewise often used for tem- 
porary covering and protection of floors or finished work during the erection of buildings. 

2196. Sheathing Papers. — Sheathing papers are of various kinds. The most 
common are made of heavy paper or rope stock saturated with a coal-tar product. They are 
waterproof, afford protection against heat and cold, as well, and have all the other qualities of 
other building papers. There is some objection to them on account of their odor, but it k 
claimed that this makes them the more vermin proof and that the odor disappears after a 
short time. 

Sheathing papers are also sometimes called “insulating papers.” They are usually 36 in. wide, and the rolls 
contain 500 sq. ft., weighing from 19 to 50 lb. per roll. 

Parchment papers are sometimes used. These arc odorless and have a smooth surface, are semi-transparent, 
and are water-, air, and vermin proof. 

Another form of sheathing paper is made of asbestos and is quite desirable on account of its fireproof qualities 
as well as on account of its being vermin proof and odorless. Such papers vary in weight and thickness from very 
thin papers weighing only 4 lb. to those 100 sq. ft. in width and in. in thickness. The 5i2-» and 34-in. 
thicknesses are used only where fireproofing is specially required, as around flues, chimneys, heat pipes, etc. 

Sheathing papers are \ised, in general, for the better class of building as a protection on frame walls. While the 
other forms of protection which will be described are, in general, for the same purpose, each kind is particularly 
designed for a special form of protection. 
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219c. Felt Papers. — Ordinary felt papers are mostly used for lining floors to 
render them more soundproof. Some few are made fireproof by means of chemicals, and in 
some cases an asphalt center is put in to make them waterproof. Felt papers are especially 
valuable as a deadening material. They are usually quite thick, and the better qualities are 
soft and pliable so as to form a cushion which aids in the interruption and breaking of sound 
waves. 

Saturated felts are also used under slate, tile, or metal roofing. They are made by saturating ordinary felt 
with a coal-tar product. A dry-saturated tarred felt is made by running the material through heavy rollers or 
cylinders to give a hard, smooth surface. This can be easily handled, and the surface enables the roofer to lay out 
his slate courses on the paper with chalk lines. 

Asbestos building felts are mostly used where fireproofing qualities are specially desired but also offer protection 
against vermin and have sound-deadening qualities. 

The so-called “slater’s felt” includes many types of materials but cannot generally be recommended for use 
under slate and other roofing materials. 

Asphalt felt and tarred felt are furnished in various weights. The more commonly used range from 12 to 20 lb. 
per 100 sq. ft. and come in rolls containing from 150 to 500 sq. ft. 

220. Insulators and Quilts. — Numerous special types of insulating quilts combine the 
quahties of thermal insulation and deadening as well as being vermin and air proof. One of 
the best known is made of thick layers of eelgrass compressed in such a manner as to make a 
cushion full of air spaces, lined on either side with asbestos. The grass possesses certain 
qualities which makes it particularly repellant toward rats and vermin. 

Another form of such insulator is made of thoroughly cleaned cattle hair, chemically treated and stitched 
between two layers of asbestos. Still another consists of mineral wool, compressed and lined with asbestos. A 
mineral-wool insulator can also be secured with lining of building paper. Other types made in the form of blankets, 

two layers of paper with wood or flax fibers between, are also on the market. A heat-insulating quilt is manu- 
factured especially for use in keeping out cold, consisting of unbleached linen threads, chemically treated and lined 
with waterproof or asbestos paper on either side, as required. Other forms of sheathing are made consisting of 
sound-deadening materials compressed and put together in board form, but these are somewhat more expensive 
than the rolls. 

Nearly all the types of quilts or blankets come in different sizes. In general, however, the roll is used, the 
widths varying from 163-^ to 60 in. The roll usually contains 250 sq. ft. the weight running from 35 to 50 lb. 
Other types of quilts are furnished packed flat in standard lengths of 8, 9, and 10 ft. 

221. Mineral Wool. — Mineral wool is one form of insulation of walls and particularly of 
overhanging floors which is often used. This insulator is loose, fibrous material manufactured 
from either slag or asbestos rock and resembling wool in appearance. It is sold in such form 
that it can be securely placed in the spaces provided. 

In overhanging floors, the most common method is to put a false floor about 2 in. above the bottom of the joists 
and then put on about 2 in. of mineral wool, compress same, and cover with 2 in. of cement or lime mortar to hold 
it in position. Mineral wool is especially good as an insulator to keep out heat, as in the walls of a cold room. 

It should be mentioned that mineral wool, if improperly packed, settles and disintegrates. It must be carefully 
placed in position and compressed in such manner as to be held in place, or its insulating, sound-proofing qualities 
will not be retained. 

222. Insulation Boards. — During the past 10 yr., there have been extensive developments 
in the field of insulating materials. There are now on the market several types of fabricated 
boards for this purpose. Some of these are manufactured from finely shedded fibers of wood, 
sugar cane, licorice roots, and other materials, closely compacted, rolled, and otherwise treated 
to furnish a strong board often used in place of wood sheathing and, at the same time, providing 
desired insulation. Some of these boards are in such forms that, if used on the inside of the 
wall, they may be plastered upon directly or maybe decorated without the application of plaster. 

Such boards are furnished in standard sizes and thicknesses, and data regarding these should be secured from 
the manufacturers. The usual thickness is K s in, the width 4 ft. scant. 

Mention must also be made here of the several types of corkboard used for insulation purposes. This board is 
composed of granulated cork pressed in molds to standard-sized slabs. While more expensive than some other 
types of insulation, many advantages are claimed for its use. 

223. Other Insulating Materials. — Under other chapters, reference is made to types of 
insulation made of gypsum, asbestos* and other materials. 
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BUILDINa HARDWARE 
By D. EInickerbacker Boyd 

The name hardware applies to such an innumerable array of commodities in everyday use 
that to distinguish the ‘‘line’’ manufactured for use in buildings^ the term huilding hardware is 
employed. 

This designates the locks, hinges, pulls, checks, etc., for doors; the lifts, fasteners, pulleys, 
chain or cord, weights, etc., for windows; the catches, turns, drawer pulls, etc., for dressers, 
and the various articles suitable for casements, transoms, and other openings in buildings, 
it is customary in trade circles and among architects and builders to make a distinction between 
rough hardware, such as chain, cord, weights, door hangers, outside shutter and blind hardware, 
wire screens, etc., and finishing hardware, which, as the name implies, includes items, such as 
locks, knobs, bolts, lifts, transom openers, etc., applied to finished work. 

224. Rough Hardware. — Sash cord for windows is made of several different materials and 
sizes and the same is true of sash chain. The latter can be obtained in steel (plain or coppered), 
in copper, and in bronze. Sash weights are made of iron or lead. Iron weights are those regu- 
larly furnished and are either round or square. Lead weights are used only where sash, when 
glazed, are unusually heavy or where pulley boxes are too small to permit proper-sized iron 
weights. 

For shutters, various standard lines of hinges and bolts are commonly used, the type varying in accordance 
with the mill details and wall construction. 

Door hangers cover a broad line of manufacture and are made in forms suitable for all styles of sliding doors for 
both inside and outside use. Headroom above the finished opening must be provided for the type of track, hangers, 
and brackets used. 

226. Finishing Hardware. 

226a. Material. — Bronze, brass, bronze-metal, and iron and white metal are 
the materials most commonly used. These are furnished either in cast or wrought metal. 
Cast goods are the heavier, more expensive, and in most cases preferable. 

While the majority of finishing hardware items are made both cast and wrought, there are certain of them which 
it is impracticable to produce by both methods. For instance, most of the parts of transom adjusters are of wrought 
material, while transom centers are all cast. These may also be malleablized when cast in iron. 

Cast goods are produced by pouring molten metal into molds, while nearly all wrought goods are stamped from 
metal sheets by dies. 

226?), Color or Finish. — In bronze and brass, the regular product has a highly 
polished surface, termed a “finish;” other finishes largely used when a high polish is not desired 
are termed “dull bronze” or “brushed brass.” The principal finishes, previous to 1924, were 
oxidized copper, oxidized brass, oxidized silver, statuary bronze, and nickel and gold plate — 
each one of which was made in light, medium, and dark shades and with various surface effects 
too numerous to mention. In 1924, they were limited to 25 standard and 4 special finishes 
(see Art. 225c). 

In specifying finishing hardware it is necessary, if solid metal is desired or required, to prefix the word “solid’' 
before the metal intended, — as solid brass, solid bronze, or other solid non-ferrous metal — except in the case of 
bronze metal, which is an alloy. Through long usage and trade custom the mere words brass, bronze, etc., unac- 
companied by the word solid are taken to mean the finish which in such cases is plated on iron or steel as the case 
may be. ^ 

On iron and steel goods, the finishes commonly applied are: Japanned, lacquered, bronze, brass or nickel plate, 
oxidized copper, and white metal. The last is always furnished polished and has the appearance of nickel. 

226c. General Types. — Some years ago, the Federal Specifications Board under- 
took the preparation of specifications for builder’s hardware, and out of this grew the simplifica- 
tion which has since taxen place. The manufacturer’s group met for the first time in November, 
1922, and the work of standardization was delegated to three subcommittees. Fifty representa- 
tives of builder’s hardware mterests, manufacturers, distributers, and consumers met in May, 
1924, at the Department of Commerce, in Washington, D.C., to consider and adopt the recom- 
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mendations of the various subcommittees. Upon presentation, the entire report received a 
unanimous vote of approval, and adoption was recorded. These standards have been published 
as Simplified Practice Recommendation No. 18, Builders Hardware, and copies may be secured 
at 10 cts. each from the Superintendent of Documents, Government Printing Office, Washington, 
D. C. They consist of 56 pages, including index, and should be in the hands of all specifiers and 
users of hardware not only because of the standards (not illustrated) which they set forth 
and the listings of former types which have been eliminated but also because they give a com- 
prehensive survey of hardware items and requirements w^hich should be considered in connection 
with buildings. 


D, 


225d. Details to Which Standard Hardware Can Be Applied,—In 1917, several 
large hardware manufacturing concerns associated themselves in the issuance of a book with 
the title given to this paragraph. This should be used by all those making details for woodwork 
as “the information given covers the minimum requirements for hardware for the various types 
of doors and w’indows that have become standard in the class of work in which they are used. 
It is not intended to suggest any architectural or constructional design, the sole purpose being 
to fix required dimensions.” Some of these details are also used to illustrate this section. 

226. Locks. — ^Locks are made either rim or mortise. Rim locks are attached to the surface. 
Mortise locks are set in the door. Both t 3 q)es are subdivided into two groups hit-keyed locks 
and cylinder locks. Bit-keyed locks, which are operated by keys wdth lobes on 
long shanks, may be one, two, three, or five tumbler — the greater the number of 
tumblers the wider the variety of key changes. Cylinder locks which are operated 
by fiat keys with a serrated edge are all furnished with practically similar key 
mechanism, which permits the use of a single key for the operation of a front door 
lock, a rear door night latch, a desk lock, a trunk lock, or a padlock, and so on 
through the entire line. No two cylinder locks are made with same change key 
unless so ordered. 

Many locks can be furnished master keyed — that is, a given lock ha\dng 100 or 
more different changes of key can be so constructed that a master key will operate 
all of the locks, no two of which are controlled by the same change key. In the best grade of bit- 
keyed locks, as used on hotels or ofi&ce buildings, it is possible to furnish all locks on a floor 
with a different change of key, a separate master key for all locks on the floor and a grand 
master key for the entire building. With locks of the cylinder type, this same feature is 
capable of a very considerable extension. 

Rim and mortise locks are made in form and function to suit all types and kinds of doors. 
It is unnecessary to make extended mention of rim locks, aside from referring to night latches 
and cylinder types, as their use is largely confined to interior passage doors in the cheaper class 
of small houses, or unimportant doors in basements. Simplified Practice Recommendation 
No. 18 limits master kejdng of cylinder locks to standard size cylinders. 

Night latches, both bit keyed and cylinder types, are made reversible or suitable for doors 
swinging in to right or left. When used on doors swinging out they must be made reverse heveL 
Cases of locks are furnished Japanned, bronze plated, or oxidized copper. 

Mortise locks are made either flat or rabbeted front. If rabbeted, the regular size of 
rabbet is K small locks for thin French windows being made suitable for H-in. rabbet. 
If other sizes of rabbet are detailed, the lock faces wiU have to be especially made, entailing 
additional expense and possible delays. 


Fig. 84, — 
Cylinderimor- 
tise lock. 


The distance from face of lock to center of knob or key hole is called the “backset." The backset of ordinary 
size locks varies from 2 to 3 in., but in. is generally used (Fig. 84). Regular and special backsets for mortise 
locks and latches should be conBned to 1, IM, 2, 2^, 2^, 3, or 3>4 in.; the purpose being to eliminate such special 
and irregular backsets as 1 } 4 , 1^. and 2 ^ in. as well as other intermediate and larger dimensions (see Art. 225a). 
Locks with special backsets are obtainable as special items, when French windows, and frequently passage doors, are 
made with stiles so narrow that standard locks cannot be used. 

Flat-faced locks are usually made reversible. Flat-faced locks with bevelled faces and all rabbeted locks are 
“handed" for either right or left doors (see Fig. 95, p. 1076). Faces of heavy doors must be bevelled to permit 
the door at closing point to swing free and fit snugly. Lock faces must be bevelled to fit door. Two standard bev- 
els exist, but that most frequently used is in. in 2 in. 
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Fig. 85. — Cyl- 
inder mortise lock 
for sliding door. 


The grade of many series of locks depends on number of tumblers and character of springs. The number of 
differing change keys to any one lock is determined in part by the number of tumblers and to the precision of their 
mechanism. Consequently, all three tumbler locks do not permit of an equal number of change keys. In fact, 
the variation is very great. 

The spring employed in lock construction may be of the simplest flat wire variety — one such spring controlling 
latch and knob action or a combination of fine phosphor bronze springs, one set controlling latch and another 
set the knob or lever handle. It is customary therefore to differentiate between a common spring lock as first 
indicated and an easy spring lock as last mentioned. An auxiliary spring on hub of lock is a feature added to easy 
spring locks when lever handles instead of knobs are employed. 

With all cylinder locks, the cylinders vary in length to suit the various thicknesses of doors. Mortise cylinder 
locks of standard type cannot be used on doors less than in, in thickness, though thin locks are especially made. 

Inside door locks or passage door locks vary in size and quality from a 3-in. l-tumbler lock to a 6-in. 5-tumbler 
lock in bit keyed series, and through a wide range of size and function in cylinder locks. Locks having special func- 
tions are made for office buildings, etc. In addition, locks especially adapted for closets, cup- 
boards, French windows, hinged sash, etc., are procurable in a variety of sizes to suit the 
working conditions. 

Knob locks are constructed with a latch operated by a know and a bolt operated by a key. 

Communicating locks have regular latch and either one or two bolts operated by thumb knobs. 

Those with one bolt are designed for use on doors to bath rooms, the two bolt lock on doors 
between rooms. The latest type includes a key action that prevents operation of bolts until 
key action is reversed. 

Hotel locks are similar to knob locks but are made with two bolts, one operated on inside only 
by key, and other on outside only by key. 

Office door locks, usually of cylinder type, consist of a latch only that is so controlled by the 
stops in face of lock that outside knob can be operative or inoperative. In the latter case 
entrance is obtained by key. Exit from rooms always possible as inside knob is at all times oper- 
ative. When outside knob is inoperative, the door automatically locks on closing. 

Locks for institutional use are functioned to accommodate particular needs as weU as general conditions. 

Front door locks for residence work are in effect a knob lock having the added feature of stop work in face to 
control outside knob. Key on outside operates both latch and bolt. On the inside knob is always operative and 
both controlled by a thumb knob. 

Store door locks are a development of the old style lifting latches and mortise locks. The latch is incorporated 
in a plate and pull called for the sake of brevity, a handle- Two handles with the lock constitute a set. The 
locks are made in two main varieties, one with a latch operated by thumb piece of each handle and a bolt operated 
by a key from either side, the other similar with the added feature of stop in face controlling outside thumb piece. 

Sliding doors, though now used infrequently in many localities, are provided with a hook or split bolt operated 
by key from either side, and provided with a pull in face of lock, employed in puUing out, or shutting, the door. 
This pull remains within case of lock except when forced outward by a stop. The face is made in flat and astragal 
shape. I 

Dead locks have a bolt only and may be operated from one side only or both sides by key. A dead bolt is simi- 
lar to a dead lock but bolt is operated from one side only by a turn knob. 

A special type of lock and knob combination is manufactured which has the key-way and tumblers placed in the 
knob and which is completely assembled and attached to the door as a unit. 

Knobs, leoer handles, and escutcheon plates for locks are made with both 
plain and ornamental surfaces — also in differing sizes and shapes. Hound 
knobs for interior doors are usually 234 iii* in diameter and for exterior 
entrance doors 2M in. , in diameter. For special purposes they are also 
made in 1%, 2, and S-in. diameters. Knobs are coupled by means of spindles 
either ot% in. square. Knobs and lever handles are attached to spindles 
by several methods. 

For all locks having a stop in face, a split or swivel spindle is provided 
for the knob. This form has a joint at the center permitting operation of 
knob on one side when opposite side is made fast. 

Auxiliary springs are frequently used in connection with lever handles 
This spring may be incorporated in lock or attached independently of lock, 
‘‘handed’* for right or left doors. 



Fig. 86. — Double sliding 
with flat astrabal meeting 
The stile as shown is suitable for 
lock with standard backset. 


doors 

stiles. 


to keep them in a normal position. 

Lever handles of ornamental design are often necessarily ‘ 

An escutcheon may be either a combined rose and escutcheon or an escutcheon plate. The former is made 
of sufficient length to permit attachment screws to enter wood above and below case of lock and serves both as a 
rose for the knob and key plate for lock. When knobs are used with roses only, separate plate escutcheons are 
provided for the key hole. On thin wood doors in. or less, combined rose and escutcheon should be used 
as the mortise for lock leaves insufficient wood for secure attachment of key plate. 

Glass is now frequently used in the construction of knobs and lever handles and furnished in many different 
designs, either pressed or cut. The sizes recommended are and 2}^ in. 


227. Butts or Hinges. — These articles, the names of which are constantly used interchange- 
ably, are spoken of in the trade by pairs — thus: one butt or hinge is “one-half pair/' three are 
“one and one-half pairs." 
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The article itself consists of two ^‘leaves ” which, when folded open, are ordinarily equal in 
width to height and the stock sizes refer to the opened hinge. When projecting finish requires 
clearance for a door folded back, the width of the butt must be increased. Wherever possible, 
this should be accomph'shed by also increasing the height to avoid special hinges. 

Hinges or butts are made with fast or loose pin, fast or loose joint, 3 or 5 knuckles, with 
or without washers and ball bearings. Loose joint and loose pin butts permit taking down of 
door without removal of hinges. Loose joint butts have but one knuckle or bearing point 


Loose pin butt Ball bearing butt Spring butt hinges 

Pig. 87 — Types of hinges. 

while loose pin butts have two or more. Consequently, loose joint butts are seldom used. 
Fast pin butts are employed where loose pin butts are impracticable, as in the case of transoms. 

Bronze door butts are regularly made with steel bushings at all joints or bearing points, but can be had with 
exposed fiber washers, self-lubricating washers, or ball bearings at all joints. Sizes ordinarily run from 3X3 in. 
to 6 X 6 in. but larger sizes are produced. These butts are made in different weights — light, medium, heavy, and 
extra heavy — to accommodate differing weights and uses of doors. Sizes of butts are determined by the thickness 
of door and clearance required for trim or projecting caps of wainscots, etc., which should always be taken into 
consideration in determining sizes. 

The pins of the butts in the heavier lines are so constructed as to prevent their work- 

n ing out of normal position and can be made so that removal is impossible except in one defi- 

. Hite open position. This latter feature to prevent focible entry by removal of doors (or 

PiQ 88 —Automatic French casements) is of value on entrance doors or sash opening out where hinges are 
sash adjuster. exposed. Sizes under 3 X 3 in. are also furnished loose pin and fast joint but do not have 

washers and are made in different weights. Special types of hinges are made for water 
closet doors, double ands ingle acting doors. W. C. hinges are made both for single acting and double acting doors. 
Springs in hinge, close door or hold pen, as preferred. 

For single acting or double acting doors, there are three distinct types of hinges. One consists of a box in 
floor, containing a spring and also acting as a lower pivot, a top pivot being placed in overhead jamb. The second 
type involves practically the same idea but with a box or case attached to door. The third consists of a pair of 
spring hinges attached to door and jamb. The first type is called a floor hinge and is made with and without check- 
ing feature. The second is termed surface hinge and is not made with checking device. 

The third is known as jamb hinge. The first and second types hold door open when swung 
beyond an angle of 90 deg. 

Ball bearing pivots of varying sizes are regularly made for very heavy doors that are 
not actively used — as bronze entrance doors. 

Specially patented butts are also made which permit adjusting the door after it is hung- 

228. Adjusters. — Adjusters for use on casement windows, consist of a 
pivoted or grooved supporting plate, through which or in which a rod operates, 
one end of which is screwed to casement rail, the supporting plate being 
attached to window frame. They serve to hold casement windows open at 
any desired angle. One, working on the friction principle, is known as an 
automatic adjuster (Fig. 88). There are other types developed on this 
principle. Special devices are made, known as the concealed type, which 
involve a gear case in. frame directly under heel of window and connecting 
with window by a pivot bearing through frame. A handle attached to casing, 
having a spindle extending through gear case completes the device. A 
similar outfit is made for outside shutters, the gear case being attached to 
sill on outside just under line of shutter and connected with shutter by a 
curved arm. With either of these adjusters, operation is effected without the necessity of 
opening screens or windows. 

, Adjusters for use on transoms, sometimes termed transom lifters (Fig. 89), consist ordina- 
rily of rods moving through brackets — ^the latter screwed to casing — an arm from rod connect- 
ing with bracket attached to transom rail. Transoms can be hung on butts at top or bottom 
or on pivots on side or at top and bottom. The size and length of rod varies with the height 




Fast pin butt 
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required. The standard sizes run Hj and 34-m. diameter, and from 3 to 6 ft. or more in 

length. The material is wrought, not cast. 

A concealed operator for transoms is also made, the only visible portion being the operating handle. This 
article is similar in mechanism to the concealed casement and shutter operator but in form quite different. The 
device consists of a unit plate concealed in and attached to casing to which is fastened a gear case. A toothed rod 
passes through gear case and connects with levers that are fastened to a pivot bearing. This bearing extends from 
the unit plate to heel of transom. The gear case is located near bottom of unit plate and plate is made of such 
length as to bring handle which enters gear case, about 5 ft. from floor. To permit use of concealed adjusters, 
work must be detailed in accordance with requirements. 

Transom centers are designed for sash pivoted at sides or at top and bottom. When vertically pivoted, the 
lower and top of sash is usually rabetted and requires a center to fit rabett and also sash. These are regularly 
made suitable for J^-in. rabett and in varying widths to suit sash from to bn- thickness. They are also 
made with corrugated washers, capable of a friction adjustment and serve to hold sash open at any desired angle. 

Chain door fasteners permit a partial opening of door, but door must be completely closed to release fastening. 
Therefore it cannot be tampered with from outside. 

Door stops of either wood or metal are made for attachment to baseboard and also to floor. When attachment; 
is made to marble, concrete, etc., expansion bolts are required. Ail are equipped with rubber bumpers, and some 
metal stops have hooks to hold door open. 

Door holders are attached to door, operated by the foot, and hold door at any point of its swing. 

Door checks are attached to door or to a bracket screwed to overhead jamb, made generally in six regular 
sizes, and act as door closers. A checking device is incorporated that prevents slamming without detracting* 
from power. 


229 . Window Pulleys. — Window pulleys are made with three distinct kinds of bearings. 
The least expensive consists of a plain axle through wheel riveted to pulley case, and termed 
noiseless. 

The roller bearing or anti-friction style is made with a series of round steel pins encircling 
axle and in which axle revolves. Ball bearings, as the name implies, consist of a 
ball retainer and hardened steel balls set in both sides of case to receive axle. 

Faces of pulleys are either square or round end and are made either of finished 
nonferrous metal or Japanned, galvanized, or plain iron for painting. Wheels 
are made 1%, 2, 2}4, and 3 in. in diameter and are either cast metal or 

stamped. Pulleys with 234-in. wheel are recommended size for average good work. 

230 . Bolts. — Many varieties of bolts are made both in the rim and mortise 
types. 

Extension bolts are so termed on account of having detachable bolt head — 
the latter fastened to rods of varying lengths. This permits the use of a top and 
bottom bolt of similar appearance but of differing lengths. Rod for top bolt 
should be of sufficient length to bring handle of bolt about 5 ft. from floor. This 
particular kind of bolt may be operated by the turning of a knob, by the slide 
of a knob, or by operation of a lever. In the latter case, lever is set flush with 
surface of bolt plate and can therefore be used on edge of door as weU as on face. It is the 
proper type for use on folding doors or in any case where it is desirable or necessary to 
avoid projection beyond surface of door. 

Cremorne bolts extend fuU length of door, operated by a handle located about 30 in. from 
floor and fastens door both at top and bottom (Fig. 90). The bolts are “ handed for right 
and left doors. Doors hinged on right hand side as seen from inside require R. H. bolts. If 
hinged on left hand side, a L. H. bolt. Pairs of doors with flat faces require bolts on each door, 
but if doors are rabetted, one bolt is sufficient'. In the latter case, a bolt is frequently used on 
each door for uniformity of appearance. If one cremorne bolt is used, the opposite half should 
have extension bolts. Simphfied Practice Recommendation No. 18 ehminates T-handle types. 

V 

Instead of being rabetted, double doors are more and more frequently being made with an astragal or mold 
which, secured to one door and overlapping the other, accomplishes the purpose of a rabett. namely, to avoid an open 
joint and yet allows the faces of the doors to accommodate themselves to regular or standard hardware. 

Espagnolette bolts are designed for hinged sash occurring singly or in pairs. They fasten at top, bottom, and 
center and are made right and left hand. 



Tig. 90. — 
Cr e m 0 rn c 
bolts. 
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Special types, known as “panic” bolts, are manufactured for use on doors leading from places of public assem- 
blage and are so designed that pressure from the inside will liberate the mechanism. 

Chain bolts, foot bolts, neck bolts, barrel bolts, etc. are too well known for more than casual mention. 


231. Miscellaneous Hardware. — Coat and hat hooks, towel or regalia hooks, wardrobe 
hooks, and wire hooks are made in many sizes and shapes. Push plates are made in glass as 
well sks metal. 

Cupboard turns, screen door catches, drawer pulls, drop handles, shutter knobs, sash lifts, 
sash fasts, push buttons, letter-box plates, push plates, door pulls are all essentially necessary 



Fig. 91. Fig. 92. Fig. 93. 


Pig. 91. — Double interior doors with rabbetted meeting stiles using bit-keyed lock for locks with standard 
backsets; stiles should not be less than in. on narrow side. 

Fig. 92. — Double narrow stile doors with flat astragal meeting stiles using cylinder lock front beveled ks in. 
in 2 in.; regular backset 2 in.; the stiles should be not less than 3 in. Narrower backsets may be had on special 
order at an additional price. 

Pig. 93. — Double narrow stile doors wnth flat astragal meeting stiles using bit-keyed lock with flat front, not 
beveled. Regular backset IK in. The stiles should be not less than 3 in.; other backsets may be had on special 
order at an additional price. For thicker doors, locks with beveled fronts may be had on special order at an addi- 
tional price. 

items in any building installation too numerous and generally understood to require especial 
mention. 


When hardware is required for metal construction, it is necessary to furnish machine screws for purposes of 
attachment and to make all the items conform in size and location of screw holes to an exact standard. Templates 
of each item of hardware involved should be sent to sash and door manufacturer, as a guide in mortising and drilling. 

232. “Hand” and Bevel of Doors. — The ^^hand” of a door is always determined from the 
outside. The outside” is the street side of an entrance door, and the corridor side of a room 




Opening out 

HffR mtk 


Fbirs of (Jhors 
Opening ouf 

Opening in 


Srngh or double fren^ windows 
ana cqpem&Trs for chrermining 
hand ofCremprne^ both , 

I Opening^ out I 

thhy In connection with French 
windows and casements ir is nece^’- 
soH to /nd/cate tbe swing'- «. Opemng 
OUT or opening in. 

Fig. 95. 


When night locks 
ore used 
\ Opening! in 
bevei 

I Fever^ b epet 
Cpen/ng''''>>.^!dut 



door. The outside” of a communicating door, from room to room, is the side from which, 
when the door is closed, the butts are not visible. The “outside” of a pair of twin doors (doors 
hung on both sides of a single opening) is the space between them, 
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The '‘outside of a closet door is the room side, thus reversing the rule which applies in 
other cases. The foregoing definitions apply to sliding doors as well as to hinged doors. 

If, standing outside of a door, the butts are on the right, it is a right-hand door; if on the left, 
it is a left-hand door. This, however, does not apply to casement sashes and outside blinds 
or shutters, where the point of view is assumed to be from the inside instead of the outside. 

A door is bevelled when its edge is not at right angles with its surface, and a mortise lock for such door requires 
a bevelled front. This bevel is expressed by stating the thickness of the door and the distance which one edge 
drops back of the other. Two standards exist for bevels, one being in. in 2 in., and the other being 3^ in. in 
23"^ in. — the former, as before stated, being the one most generally used. 

The proper bevel of a door, or whether any is needed, is determined by the size of butt and the thickness and 
width of door. The result may be accomplished by bevelling the edge of the door, or, if its edge is left square, by 
leaving sufEcient clearance between the door and its jamb. If the door is of fair w^idth, and if the butt does not 
need to be very wide (to clear the architrave or other projections), it will be found that a square edge may be used 
without resort to an unduly open joint, thus permitting the use of a lock with regular front. The use of beveled 
front locks should be avoided where no real need for them exists. 

If, standing outside, the door opens from you or inward, it takes a lock with a regular bevel; if opening outward, 
it takes a lock with reverse bevel. 

As cupboard and bookcase doors always open out, locks for such doors axe regularly made with reverse bevel 
bolts; therefore, as to such locks, it is unnecessary to specify “reverse bevel.’* The accompanying diagrams 
(Fig. 96) illustrate clearly the above descriptions, the abbreviations being R. H. — right-hand; L, H. — left-hand; 
Heg. Bevel — regular bevel; and R. B. — reverse bevel. 




PART II 

ESTIMATING AND CONTRACTING 



SECTION 1 

ESTIMATING STEEL BUILDINGS 


By Arthur E. Alitis 

The object of this chapter is to outline the considerations which go to make up actual costs. 
Where unit costs appear, they can be used intelligently only as a criterion since it is not possible 
to establish other than approximate prices for building operations, due to market changes. 

What is given under this heading applies directly to the estimating of simple factory build- 
ings having a structural steel frame without fireproofing, but the methods described and consid- 
erations involved pertain to high office and other buildings of structural steel. Much may 
be learned from this chapter as regards estimating in general. Estimating of concrete footings, 
concrete floors, etc., is not considered, as the same rules apply as in the chapter following. 

The item “materiar' in estimates usually includes all expenses incident to placing build- 
ing materials at the site. Under the item 'Tabor'' is included all estimated field payroll 
expenditures. When carload shipments are estimated, 'Tabor" includes unloading expense. 

1. General Inspection of Building Site. — The consideration of the building site, with 

respect to the speedy and econom- 
ical handling of materials from cars 
to their respective places in the 
finished building, is a most im- 
portant one in the mind of the 
experienced building estimator. A 
large percentage of the jobs show- 
ing a loss to the contractor can be 
attributed to the lax consideration 
of the site. Two items are to be 
considered — railroad delivery and 
material storage facilities. With- 
out proper consideration of both 
of these conditions, the cost of each 
and every operation in the entire 
building may exceed the estimated 
allowance. 

Materials are often bought in team 
lots delivered at the site when there is 
no switch track located on tlie building 
premises. The costs of materials delivered 
by team by local dealers — particularly 
large quantities of bulk materials, such as 
cement, sand, stone, brick, ’steel, and 
lumber — are usually compared with the 
cost f.o.b. cars, plus the teaming from 

track to site. These costs can be determined locally for each instance. 

SuflGlcient available storage space to take care of the usual necessary material on hand at the building site means 
a great deal to the construction superintendent. The difference in cost between a job run under these conditions, 
and a job where, due to lack of room, materials are in the way of operations, has frequently eaten up the estimated 
profit. The work must run along smoothly or the superintendent will be unable to meet the estimate. The 
method for pricing labor operations to be carried on under crowded conditions is usually to allow for the increase in 
the unit price of each operation rather than attempt to enter a lump sum item in the estimate. 

It is usually practical while at the site to investigate the local wages of the several building trades and also 
make note of the general labor situation. Lot levels, if omitted on drawings by designing engineer, should be ob- 
tained and placed on drawings by the estimator. Present incumbrances on site should be noted, also such details 
as building permits, street obstruction permits, water permits, etc. 

2. Sample of Estimate for Foundation. — The following estimate of the cost of a building 
foundation (with the exception of the concrete work which is taken up in the section following) 
is given to illustrate the general form for listing, pricing, and extending the various units; 

1080 




Fio, 1. — Foundation plan (interior piers omitted). 
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Form op General Estimate 



Quantity 

Price 

A 

extension 

B 

totals 

General conditions: 






Railroad track adjacent to building. 

B. & 0. delivery. 

Adequate space for storing materials. 

Water furnished by owner. 






Nature of soil — sand, water present 5 ft. below ground level 
Cinders for filling can be procured for a switching charge of 





50c. per cu. yd. 






Owner takes out all permits except street obstruction permits. 





Site is clear. 






Dry excavation — Foundation walls: 

North: 1 wall 174^ X 3l X 4^ 

. 2,262 

309 cu. yd. 

$1 10 

340- 


North: 1 footg 174^ X 2l X 1-^ 

392 





South: 1 wall 200^ x 3-^ X 4^ 

. 2,600 





South: 1 footg 200^ X 2A x 1- 

450 





East: 1 wall 100^ X X 4^ 

. 1,300 
225 





East: 1 footg 100^ X 2^ X 





West: 1 wall 59*^ X 3^ X 4^ 

. 767 





West: 1 footg 59^ X 2^ X 

133 





All walls: 19 pils. 3^ X 0- X 5^ 

. 214 





Labor at 1.10 

8,343 





Dry excavation — Boiler pit: 


250 cu. yd. 

1.00 

250- 


1 pc. 45^ X 30^ X 5^ 

Labor at 1.00 

. 6,750 





Wet excavation — Boiler pit: 


200 cu. yd. 

2.00 

400- 


1 pc. 45^ X 30^ X 4-^ 

. 5,400 




Backfill: 


258 cu. yd. 

50 

129- 


N. wall: 2 pcs. 174^ X 1^ X 4^..,: 

. 1,392 




S. wall: 2 pcs. 200^ X 1^ X 4^ 

. 1,600 





E. wall: 2 pcs. 100^ X 1^ X 4^ 

800 





W, wall: 2 pcs. 59^ X 1^ X 4^ 

. 472 





Pit: 2 pcs. 30^ X 2^ X 9^ 

. 1,080 





Pit: 2 pcs. 45^ X 2^ X 9^ 

. 1,620 






6,964 





Floor fill required: 


175 cu yd. 

2.00 

350- 


1 pc. 197^ X 97iL X 1^ 

Outs: 

19 pils. 2^ X Oi X 1-^ 29 

. 19,256 





1 pit. 24^1 X 39^ X 1°-... 984 

. 1,013 






18,243 





Surplus excavation — Spreading and tamping: 


501 cu. yd. 

.50 

251 - 

* 

Dry excavation (walls) .... 8,343 

Dry excavation (pit) G,750 

Wet excavation (pit) 5,400 






20,493 






Less backfill 6,904 

. 13,529 






4,714 





Shoring to boiler pit: 


600 pcs. 

.60 

360- 


000 piles 2X6X7 

. 4,200 





J.0% waste., . 

. 420 


l 




4,620 





Material 7 ft. at Get. = 0.42 

I^abor - 0.18 






0^ 






Pumping and bailing: 






Setting pump. 


Allow 

I 

50- 


Set and connect 55 well points. 


55 pcs. 

.50 

28- 







2,158 
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The estimator should bear in mind that the proposal tendered the prospective customer 
is based on the estimate, and when the obligations of either the owner or the contractor are in 
doubt, the contractor’s assumption should be noted on the estimate so that it can later appear 
in the proposal. This is especially important in connection with miscellaneous items, such as 
water, permits, clearing site, etc. 

In listing quantities no attempt is made for extreme refinement. Full length of wall for excavation on each 
side of the building is listed. Although the corners overlap, this is good practice for this class of work and goes to 
offset the irregularities incident to construction. Note that on account of the difference in unit costs for dry and 
wet excavation for boiler pit, this item has been separated into two parts. Extensions are figured to the nearest 
dollar. Columns A and B provide a means for grouping the operations of the different trades in the event that it 
is desirable to have these costs convenient for reference. 

As the costs of transporting, unloading, and reloading equipment are the same for large or small quantities 
of work, and it is always desirable to keep unit costs on a comparative basis, all equipment is grouped on a Tool List 
and entered later in the estimate. The costs for handling equipment is then approximated direct from this list. 

The take-off should also be made up so that every item may be readily identified (note column at left edge of 
sample estimate). A large percentage of designs are changed and require re-estimating; for this reason much time 
and inconvenience may be minimized. 

3. Clearing Site. — It is well to have this item appear in the estimate even though no expense 
need be estimated. A detailed discussion of the estimating for expense of clearing site is hardly 
practiceable due to the great variance of obstructions encountered. 

4. Excavation. — The unit cost of excavating is governed by the kind of soil and the amount 
of water present. Using as a basis the cost of handling a firm, dry soil, the unit price may have to 
be increased: (1) for handling wet excavation, (2) when excavating through a re-fill of mis- 
cellaneous building debris that cannot be spaded, (3) when depth of excavating requires relays 
from platforms, usually about 6 ft. apart, and (4) when sand or other material with little or no 
self-retaining properties is present. 

•Different kinds of excavating should be listed separately to allow for the convenient use of varying unit 
prices. These excavating conditions having been established by the general inspection, the unit price must be 
fairly accurate. Similarly, when estimating caissons for heavy buildings, general inspection should determine 
whether ordinary well or pneumatic methods are to be estimated. 

The steam shovel is usually estimated for making large cuts where surplus excavation must be hauled away. 
The excavating and loading is then accomplished by one operation. 

6. Shoring. — Aside from the increased costs of excavating operations, it is often necessary 
to provide temporary support for earth walls. The costs of wood shoring are developed simi- 
lar to costs of shores or forms for concrete work, and reference should be made to the next chapter 
for details. The salvage is usually very small and, unless a second use for the lumber is predeter- 
mined, the total cost of the material is usually charged. 

6. Pumping and Bailing. — Pumping and bailing are generally figured separately for each 
pit, basement, or other unit. The approximate amount of water to be encountered, the nature 
of the soil and work to be carried on, serve to determine the most practical kind of equipment. 
The estimator can readily develop an accurate allowance for the material by keeping in mind 
the equipment he has available. The material unit usually consists of fuel unless the necessary 
pumps are not at hand, in which case rental will greatly increase the amount to be estimated. 
The labor unit would include the setting and maintenance of pumps. 

7. Backfill. — Backfill includes the cost for refilling the oversize excavation made to allow 
for concrete forms, etc. The quantities can be listed from the drawings. The estimated cost 
per cubic yard usually runs about 50 % less than the excavating unit, as the ground is w.ell broken 
up and invariably the original material excavated is close at hand. 

8. Disposal of Surplus Excavation. — The construction of the substructure will generally 
net a yardage of surplus excavation, the disposition of which depends upon the level of the 
floor area. Ground levels are taken by dividing the entire surface into squares and reading the 
rod at the corner of every square. These levels will then determine whether it is necessary 
to estimate either the grading or the filling of the lot. Should the site be low, the surplus exca- 
vation is usually estimated to be spread in addition to such fill as must be procured elsewhere. 
The source and cost of this additional fill must be the result of investigation of local conditions. 
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Should the lot levels prove to be high, the disposition of surplus excavation must be considered 
in the estimate. « 

9, Structural Steel. — Structural steel costs are frequently listed in the General Contract, 
estimate in summarized form under the headings — Material and Erection. Material includes 
estimated expense incident to manufacture and delivery at the job site. Erection includes 
expense estimated to unload, erect, and paint structural steel, as well as all erecting equipment 
costs. 

Structural steel costs are based on weight. The following practice to be used for the in- 
voicing of bridges, buildings, and other structures, has been adopted by the Structural Steel 
Society as representing standard practice to be followed in all cases where other provisions are 
not made in the contract or specifications. These items have a direct bearing on the price 
and should therefore be of assistance to the estimator. 

Weights. — Structural steel sold at a unit price per pound, hundred "weight, or ton, shall be in'voiced on esti- 
mated, theoretical weights, based on the detail drawings and shop bills, using 

(a) Rectangular dimensions for all plates. 

(b) Overall lengths for all structural shapes, and making no allowance for the weight of copings, clippings, 
millings, punchings or borings. 

Overrun. — To the theoretical weight of all sheared plates, there shall be added an allowance for overrun in 
weight, calculated from, and equivalent to, the percentage of overrun pro-vided for in the A.S.T.M. Standard 
Specifications for structural steel. 

Rivets. — All shop rivets used in the structure shall be invoiced at the following average weights. 

(а) Rivets in. diameter — 20 Ib. per 100 rivets. 

(б) Rivets % in. diameter — 30 lb. per 100 rivets. 

(c) Rivets yi in. diameter — 50 lb. per 100 rivets. 

(d) Rivets % in. diameter — 100 lb. per 100 rivets. 

(el Rivets 1 in. diameter — 125 lb. per 100 riye"ts. 

(/) Field rivets to be invoiced at actual weights. 

Raini. — To the total weight of the structural steel, as determined by the above naethods, there shall he added 
an allowance for the weight of the paint, of 8 lb. per ton of structural steel, for each coat. 

Field Rivets and Bolts. — In furnishing a bill for structural steel for any structure, where no provision to the 
contrary is made, the fabricating shop "will furnish the following rivets or bolts for field purposes. 

(а) If the structure rivets in the field, the fabricating shop will furnish sufficient rivets of suitable size, plus 10% 
allowance for waste, for all field connections, steel to steel; but will furnish no bolts, except for such connections as 
it will not be possible to rivet. 

(б) If the structure bolts in the field, the fabricating shop "will furnish sufficient bolts, of suitable size, plus 5 % 
allowance for waste, for all field connections, steel to steel, but will furnish no rivets. 

(c) No miscellaneous carpentry or masonry bolts will be furnished by the fabricating shop in any case, unless by 
special provision, for connecting in the field, wood to steel, wood to wood, or wood to stone, etc. 

(d) Erection, or fitting up bolts, for the use of the steel erector, are considered as being erection equipment and 
will not be furnished by the fabricating shop, unless by special provision. 

The first step in estimating structural material is to carefully examine drawings and if oddj 
unobtainable sections appear in any of the members, a redesign is made, using stock on hand. 
In the designing of structural steel, sections can frequently be slightly changed to conform to 
material in stock without incurring any disadvantage. This redesigning is seldom necessary 
when estimating mill deliveries. 

The sequence of listing members in the take-off is about the same as that for erection, 
The main units are always listed first. 

An approximation must be made of the weights of many of the details, as in general prac- 
tice these may not appear on the design drawings. This part of the estimating must necessarily 
be done by one familiar with structural fabrication. When minor members appear in 
quantity, the exact dimensions are usually developed. 

The majority of shops do not have their own foundries for furnishing castings but as 
cast iron is used extensively in many standard shapes in conjunction with structural steel, 
it can be conveniently and economically purchased with the steel. The most commonly 
used castings are generally kept in stock. 

Starting with columns of which there may be several of similar design and construction— 
except for minor details, such as punching, small connecting angles, etc. — ^the materials are 
listed first for one column and the weights multiplied by the total number of duplicate columns. 
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If two or more types of columns appear in the design, there will be as many detail lists of material. 
Eacli list is multiplied by the total number of columns of that type. 

As the main sections of columns or other meiPbem contribute most of the estimated weight, 
the lengths of main members should be figured with some degree of accuracy. 

The percentages used for estimating the weights of details on members of common con- 
struction are approximately as follows: 



Rivets 

Details 

Beams ■ • 

iro 

* 

Roof trusses ... • . • • 

3% 

1,5 to 20 To 

Girders • • 

5% 

10 Tc 

Latticed columns 

3% 

10 to 15 To 

Plate columns .... 

4% 

10% 

Girts. . . . • • 

3 fc 

10% 


*Beani details vary considerably. Weights of standard connections are rcadib obtainable. 


These are average values. Frequently a general approximation of 4% of the weight of all 
members is made to determine weight of rivets, and the weight of details is taken at 20% of all 
main members. 


Detail Take-off 


No. 

of 

pcs. 

Size 

Length 

Weight' 
per 
lin. ft. 

Is, [s 

Ls 

Small 

Ls 

Plates 

Flats 

Rivets 

Totals 

4 

2 

2 

2 

2 

2 

2 

4 

2 

2 

20 Trusses T1 

Ls 6 XSHxMe 
Ls 3HX3 XH 
Ls 2HX2 XH 
Ls 2 X2 X}i 
Ls 2>^X2MX^f6 
Ls 2HX2HXH6 
Ls 2HX2KXH6 
Ls 3 X3 XH 
Ls 2 X2 XH 
L&2MX2 XH 
Details 20 % 

Rivets 3 % 

40.9 

81 5 
2.0 

6.3 

8 7 
6.2 
8.9 

8.3 
7.6 
4.0 

8 7 
7.9 
3.7 

3 2 

5 .0 
4.5 
5.0 

4 .9 

3 2 
3.7 



• 

1,423 

1,290 

165 

15 

40 

85 

55 

90 

50 

30 

650 


115 





Weight of one 
truss 




2,880 

365 

650, 


115 

4,010 


Weight of 20 
trusses 




57,600 

7300 

13,000 


2,300 

80,200 




40 

80 

6 

6 

8 

12 

Floor beams 

Is 10'' at 25 # 

Std. Conn. 10" I 
Is 12" at 311^ # 

Ls 3 X 3 X H 
Bars 6X3-^ 

Std. Conn, 12" I 
Rivets 1 % 

16.0 

20.0 

19.5 

19 .5 


16,000 

1,280 

1,100 



1590 

240 

s 

9 .4 

10 .2 

3,780 


275 
















19,780 

' 2,655 



1590 

240 

n 


Totals 



19.780 

60,255 

7300 

13,000 

1590 

2,540 

104,466 
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The tabulation of the weight extensions as practiced in the above take-off is made necessary 
by the diSerent mill costs of sections. The general classification of common sections according 
to price per hundredweight is as follows: 


Shapes 


Size 


Price 


I-beams and channels 

3 to 15" inclusive 

Base 

Large I-beams 

Over 15" 

Plus 10c 

Angles 

3 to 6" on one or both legs by thick or more 

Base 

Large angles 

Over 6" on one or both legs 

Plus 10c 

Tees 

3" and over 

Plus 5c. 

Zees 

3" and over 

Base 

H-columns 


Plus 10c. 

Light section beams 


Plus 5c. 

Bars and Bar Sizes 

Size 

Pri( 

Rounds and squares 

H to 3" 

Base 

Rounds and squares 

Other than to 3" 

Varies 

Flats 

1 to 6" wide by to 1" thick 

Base 

Flats 

Other sizes 

Varies 

Small angles 

Under 3" on one or both legs 

Varies 

Small channels 

Under 3" 

Varies 

Tees 

Equal leg tees under 3" 

Varies 

Plates 

Size 

P 

Plates 

and heavier up to 72" wide 

Base 

Plates 

Me" under 72" wide 

Plus 10 c. 

Wide plates 

over 72" but under 100" wide 

Plus 10c. 

Wide plates 

M" and heavier 100" or more wide 

Plus 30c. 


In addition to the above extras, there may be cutting charges 'which, however, are a direct 
fabricating expense and are included in the estimate of shop labor. The costs noted above 
represent the mill prices of the different sections and from a fabricator’s standpoint are a ma- 
terial cost. The weights of standard sections and the extra prices will vary from time to time 
The sunxmarizing of the material listed in the take-off is simply the extending of each 
class at the unit price. The difference in cost between mill and stock deliveries occurs in these 
prices. The margin for stock delivery is generally about $15 per ton. 

The estimate, after adding the approximated costs of manufacturing and transportation, 
will have the following general form : 



Form 

OF Steel Estimate 







Unit 





Lb. 

per cwt. 




Is, [s 

19,780 at 

2.45 



20 trusses Tl, . , . 

80,200 Ls 

60,255 

2.45 

. 2,139 .71 


Floor beams . . . . 

... 24,265 Small Ls 

7,300 

2.45 




104,465 lb. Plates 

13,000 

'2 65 

344 50 



Flats 

1,590 

2.35. . . 

37 37 



Rivets 

2,540 

3.75... . 

95 25 



Shop paint — 

104,465 

.05 

52 23.,. 

. $2669 .06 


Freight 




193.68 


Shop labor at $15 per ton 


780 00 



Drawings at $2 per ton 


, . . 104 00 






884 00 



Administration, insurance, and overhead, 100%.. . . 

. . 884 00 

1768.00 


Manufacturing cost, f.o.b. 

destination, mill basis . . 



. $4630 .74 


104,465 lb. at 75c. per cwt 



783 49 


Manufacturing cost, f.o b. destination, stock basis. . . 



. $6414.23 


In connection with freight rates which can easily be procured from railroad freight offices, 
a reduction based on milling in transit may sometimes be estimated. For instance, in case of 
a structure estimated for mill shipment, a rate may be frequently used based on hauling steel 
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from mills to building site plus an increase for what may be called a stop-over privilege at the 
point where material is to be fabricated. This rate would affect a saving over the combined 
freight rates from mills to fabricating shops and fabricating shop to destination. 

Under the present tariff regulations the stop-over privilege is limited to one year after 
receipt of inbound property at fabricating point and the cost for this privilege is IKc- per 
hundredweight. 

The following sample of estimate of shop fabricating costs will give an idea of the increased 
values as well as a general method for computing: 


Trusses 
48^004 Ib, 


Columns 

3/JSO/b. 


Purlins and 



22 Pieces^ ZO.OO 440,00 


160.00 




eaveslrufs ^ 


L- Bracings 
12,714 lb. 


134,237/h. 


PC 272X21^2/' P 

, P 28 

I -‘r 





22 Pieces 

30^ 

9750' 

H Pieces 

30‘ ■ 

62.50^ 

220Pmes 

J8' 

110.50 

1 20 

I8‘ 

£0.00 

20 » 

I8\ 

25.00 

’iuis 52 « 

j' 

15.00} 

“ 6 Pieces 

I8\ 

22.50\ 

- 12 


30.00 

' IB « 

8'9" 

10.00 

r 12 


22.50 

' 28 « 

/<?; 

12.50 

- 20 » 

18^ 

37.50) 

■ii.122 Pieces Z4-Z7' 

62.50\ 

^240 " 

5' 

30. OO] 


200.00 


135.00 


1027.50 


Fia. 2. 


The letter "'P"' denotes plain material incurring only cutting and punching expense. Sections 
are sketched opposite the various items to make the general assembly immediately apparent to 
the person in charge of pricing.. The costs as given include all operations of measuring, laying 
out, templets, etc. 

Costs of shop drawings are generally approximated by the ton of steel and may run from 
$0.50 to $10 per ton. Like the fabricating costs, these are governed largely by the amount of 
duplication in the members fabricated. 

Assuming that the unit 'costs used when pricing material are based on mill shipments, it 
may be desirable to arrive at the estimated cost for delivery out of stock. An item covering 
this difference is then entered in the estimate as has been done in the above case, 

10. Erection of Structural Steel. — A thorough inspection of site and local conditions must 
be made before starting to estimate. Power usually plays a great part in the erection of the 
steel and if it can be obtained cheaply in the form of steam, electricity, gasoline, oil, or com- 
pressed air, notations to that effect are made on the estimate sheet, a sample of which follows: 
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No compressed air or steam available at site. 

Equipment 

Unload and reload 

Setting and dismantling derrick (10 ton 70 ft, boom) 

Moving 

Steel 

Unloading — 300 tons at 1,00 

Bulling — 300 tons at 1 .00 (70 ft.) 

Erecting — 300 tons at 8. 00 

Plumbing 

Rivets — 300 tons, 20 per ton = 6,000 rivets at 15c 

Bolts — 300 tons, 3 per ton = 900 bolts at 7c 

Paint — 300 tons at 1 .50 

Superintendent — 5 weeks at 60.00 

Engineer — 5 weeks at 50.00 

Workmen’s, and Liability insurance, 20% 

Railroad fares—4 men, 2 ways at 4.00 

Freight on tools and equipment — 2 cars, 2 ways at 20 00, .... 


Coal for raising 300 tons steel 8.0 tons 

Coal for driving 6000 rivets 12.0 tons 


20.0 tons at 6.00 

Paint — *120 gal. at 3.50 

Miscellaneous lumber 

Add percentage for overheads, business generals, and depreciation of tools. 


allow $ 150 .00 

allow 170.00 

allow 50 .00 

300.00 

300 00 

2,400 .00 

allow 50.00 

900 00 

63.00 

450.00 

300.00 

250.00 

$5,383.00 

1,076 .60 

$6,459.60 

$ 32.00 
80.00 


120.00 

420.00 

30.00 682.00 

$7141.60 


As the insurance is based on payroll expenditure, it is necessary to segregate all field payroll 
items. The es fcimated equipment costs must necessarily be based on the proper kind of appara- 
tus for the type of structure to be erected. Stifi-leg and guy derricks are most commonly 
seen on building erection. The term '^bulling” is used to indie ate moving or dragging structural 
steel with crow bars, dolly rollers, or other make-shift methods when the haul is not long enough 
to justify teaming or other more regular methods of transporting. 

The cost of setting up a stiff-leg derrick on the ground under favorable conditions will 
run from about $125 for a 70 to 85-ft. boom, 10-ton rig, to $300 for a 100-ffc. boom, 20-ft. out- 
rigger, 25“ton capacity derrick. The comparative cost for setting up a 95-ft. boom, 15-ton 
capacity guy derrick, with minimum of six 1-in. cable guys is from $200 to $250. An 85-ft. 
steel gin pole on the same basis would cost about $80. These costs are based on a wage of 
873^^c. an hour. 50% should ’ be added for dismantling, %-m. diameter field rivets 
in factory buildings run from 12 to 15c. a piece. Simplified scaffolding and concentrated 
rivets as are common in bridge work or heavy loft buildings will tend to decrease these costs 
considerably. Labor costs for bolting are from 34 to those for riveting. 

The painting of structural steel is approximated by the ton of material to be covered. 
Light weight steel will net additional and more scattered surfaces than heavy construction. 
Extra scaffolding often raises the price 300 %. Proportions for material and labor noted in 
above estimate are for medium weight shop buildings. 

The estimated quantity of coal depends in turn upon the estimated tonnage and the number 
of field rivets. For the first type of structure noted in the accompanying table, the coal would 
probably figure at the ratio of one ton for every 50 tons of steel, plus one ton for every 400 to 
600 rivets depending upon the proper number of riveting gangs. When only one gang is work- 
ing, 50 % more coal is consumed. 

An item covering railroad fares for such workmen as cannot be procured at the site is 
usually entered in the estimate. This item is mostly a matter of judgment of general building 
conditions and in unfavorable building localities it may even be necessary to allow for the costs 
of commissaries and bunk houses. 

Expense due to planking and use of timbers must be foreseen by the estimator. Parti- 
cularly in connection with high loft building erection is temporary planking necessar>' around 
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the derricks and at floors where smaller members are piled and sorted. Timbers are usually 
necessary for compression members in setting up derricks. Timbers are also frequently 
estimated when constructing additions to present buildings. It is often found necessary" to 
support wall bearing members until new* material is set in place. 

A PPKOXIMATIONS OP WEIGHTS OF StRUCTUKES AND NUMBER OF ShOP AND FlELD RlVETS 


These are taken from actual structures and will furnish a basis for rough approximation of the different types 
of steel skeletons. The weights include the steel frame only, and the crane runway when noted. None of the 
figures include weights of cranes or machinery. 


Type of building 

No. of shop 
rivets per 
ton 

No. of field 
rivets per 
ton 

Weight of steel 
per sq. ft. of 
structure 
(pounds) 

Saw-tooth shop bldg., gypsum tile roof, 24 ft to bottom chord of truss, 
5-ton cap. runways ... 

90 to 120 

25 

12 to 16 

Same building, 16 ft. to bottom chord of truss, no crane runways 

90 to 120 

25 

11 to 15 

Flat roof factory bldg., gypsum tile roof, 40 ft. to bottom chord of truss, 
6-ton crane runways • - ■ 1 

100 to 130 

19 

14 to 20 

High and low bay factory bldg., 24 ft. to bottom chord of truss, 5-ton 
crane runways 

90 to 130 

22 

14 to IS 


100 to 200 

22 

*2 to 4 


Foundry cupola floor framing including columns and checkered steel floor 

100 to 200 

32 

35 to GO 

Yard crane runways 

aA-ff e'nfln Ifi f+. rail— 1 0~ton can. 

130 to 200 

30 

300 ] 

500 

350 

aa 

600 

500 

725 

40-ft span 16 ft to rail— 20-ton cap 

60-ft span—“24 ft, to rail““10-ton cap .... 

60-ft span 24 ft to rail— 20-ton cap 

CA QO -P-f +1% 7*0 il— — 

oy 1 JLclli ^\J uv/Ai •••••••• •• 

80-ft. span — 32 ft. to rail — 30-ton cap 

Head frame over shaft of iron mine 125 ft. high. 15 tons working load . 

100 to 200 

40 

175 tons » 

400 tons * 


* Weight per cubic foot of building. 

av Weight per lineal foot of crane travel. 

« Total weight — flight. 

* Total weight if equipped with crushers, conveyors, etc. 

11. Brickwork.— Brickwork is priced by the unit of 1000 brick (abbreviated M). A 
simple, accurate method for arriving* at the number of brick is to list the area and thickness of 
each waU. Using standard size -brick .which are X X 8 in., an average of 7 bricks is 
estimated for each square foot of wall of thickness equal to the width of one brick. If the thick- 
ness of the wall is two bricks wide, th?en 14 bricks per square foot are estimated, etc. 

Thickness of wall , ^ . Number of brick 

estimated per sq. ft. 

1 standard brick width — 4 in 7 

2 standard brick width — 8 in 14 

3 standard brick width — 12H in.. 21 

4 standard brick width — 17 in 28 

5 standard brick width — 21 in. 35 

The estimatedjaumber of brick in a building is frequently designated as '‘wall count.” This 
term indicates that the total wall areas have been considered without deductions for openings, 
-such as doors and windows. It is assumed that the -expense for bricking jambs, etc., around 
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these openings is the same as the cost would be for building them solid. While this assumption 
may be correct, the result does not indicate the exact amount of material to b e purchased. The 
following detailed unit cost is intended for pricing a take-off in which all openings 2 X 2 ft. or 
larger have been deducted. A feature for adjusting the number of brick estimated with the 
varying thickness of the mortar joints that may be specified, is essential. This adjustment can 
be made when compiling the unit price. Assuming that a standard size common brick is to be 
used with a the unit cost per M is made up approximately as follows: 


Brick f.o.b. destination $13,50 per M 

Unloading 1.50 

$15 00 per M 

910 brick at $15 per M 

3-^ bbl. cement at 2.40 , . 

1 part lime, bu. at 0.60 

3 parts sand, 3-2 cu. yd. at 1.46 

Water 

Labor (mixing mortar and laying brick) 

Scaffold material 

Scaffold labor 


$13 65 

0 30 

1 05 

0 73 
0 12 

12 65 

1 00 

2 00 

$31 50 • 


When a joint is estimated, there are actually 6.37 brick in 1 sq. ft. of wall. In order 
to avoid using this ambiguous fraction in numerous extensions, it has been assumed that seven 
brick occur in each square foot of wall as noted in above table. Therefore, for each 1000 brick 

6 37 

developed by the take-off, only of 1000, or 910 brick, will really be used. This then is 

the number of brick per M estimated, that will need to be purchased, and has accordingly been 
used in arriving at the unit price per M. 


A simple method that may be used for the development of this actual number of brick required for 1 sq. ft. of 
wall of thickness equal to one brick width, is to lay out on a drawing board 1 sq. ft, of wall including only stretcher 
courses. Another square foot of wall is then sketched showing only header courses. As these walls are but one 
brick width in thickness, the amount of brick in each is readily determined by dividing the area of the exposed faces 
by the area of one side of the size brick estimated. If a header course is specified at every fifth row, then the 
value of the number of brick in the stretcher sketch is 4 times that for the number of brick developed in the sketch 
showing headers. The average number of brick per square foot of wall is then determined by adding 4 times the 
number of brick appearing in stretchers to the number shown in headers and dividing by 5. 

This computation can be made for any size brick and although the result is not 100% correct, it is sufficiently 
accurate for any practical purpose. Further refinement would be offset by variances occurring with field opera- 
tions and would be of little practical benefit. 

The cost of walls constructed of face brick backed up with common brick is generally estimated by first listing 
the entire wall as though it were of one kind of brick. A second take-off is then made of the face brick. This is 
subtracted from the whole to obtain the number of common brick. 

The unit cost for walls of brick veneer, usually a single thickness of only stretcher courses, often includes the 
metal ties for bonding the brick to the body of the wall. The number of brick occurring in each square foot of this 
veneer wall as well as in English, Flemish, or any of the other numerous bonds, is readily determined by the proper 
manipulation of the values developed by the sketches of stretcher and header courses as explained above. 

When constructing sills, corbels, soldier courses, etc., the extra labor may be estimated by allowing from 12 
to 18c. per lineal foot in addition to the cost already appearing in the estimate, by including these quantities with 
xhe straight wall work. Arches likewise entail extra costs. Frequently a temporary wooden support must be 
built and an item of carpentry is included. 

The firing of a kiln of common clay generally results in a percentage of extra hard-burned, slightly undersize 
bricks, which, when necessary, may be bought for a premium covering the cost of selecting, usually about $1 

per M. f , - 1 

In determining the labor cost of laying brick, it is well to refer to the plans to ascertain if much cutting of brick 
be necessary. Gable end walls with sloping tops are bound to increase the labor unit. Corners, pilasters, reveals, 
etc., all retard the progress of a mason gang. As all masons in the squad should be ready simultaneously for the 
raising of the chalk line, the best bricklayers are usually placed at the corners. Especially when working from the 
interior side of the wall, there must be considerably more brick apportioned to the corner man than to those alorg 
the straight wall due to the space required by the mason to carry on his work. ^ The construction of the budding with 
regard to these features will greatly affect the unit labor cost allowed for bricklaying. 

A considerable variance in the cost of mixing mortar makes discussion of that branch of masonry estimating 
rather difficult. It has been the writer’s experience that where one mixer can supply mortar for 5 masons, another 
under the same conditions may provide for 15. It may be-required to find what part of the labor cost of brick- 
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laying is estimated for mixing mortar. A fair average would be to figure one day’s wages for the mortar mixer as 
furnishing material for 7000 brick. 13)^ cu. ft. or H cu. yd. of sand is commonly estimated to provide mortar for 
laying 1000 brick, and may be used as the basis of material quantities. Should the specifications call for a 1-3 or 
1-4 mix, the number of bushels of lime are determined by proportioning accordingly. As a bushel contains 1.2444 

cu. ft., the quantity of lime required is a simple computation. Again, if a cement gaged lime mortar is speci- 
6ed of 1-4-16 proportions, the basis of quantities is the 16 parts of sand. Let the 16 parts equal cu. yd. and solve 
the other two volumes accordingly. 

Referring to the sample cost for 1000 brick, the proportion of the 1^^ bu. lime and K cu. yd. sand wdll be found 
to be approximately as 1-6, whereas, the mixture is designated 1—3. This difference is caused by the practice of 
estimating lime in the dry bulk state in which it is usually purchased. Slaking of lump lime nets about twice as 
much lime paste, which is the basis of the proportions. 

A wall of face brick is usually laid with colored mortar. The cost of the coloring per 1000 brick is added in the 
unit cost of the brickwork before extending. In the case of a wall combining face and common brick, where colored 
mortar is used only for the face brick, it is necessary to furnish the masons with two kinds of mortar. This is some- 
what of a nuisance and necessitates a slight increase in the unit estimated labor cost. As is the case for practically 
all coloring pigments, the amount of mortar color depends upon the color and shade to be developed. For medium 
effective shades, an average of 40 lb. double strength, or 60 lb. single strength, is estimated for every 1000 brick. 
As far as the mortar is concerned, the coloring is a matter of material cost only. An increase should be made in 
the estimated unit cost for bricklaying when a light face brick is used with a dark mortar, or vice versa. These 
color combinations require care to be taken when distributing materials along the scaffold and also when building 
the wall so that there will be no discoloration of an expensive brick that is used ostensibly for the sake of appearance. 

The scaffold material item of $1 as it appears in the detailed estimated unit cost of 1000 brick is not intended 
to cover the cost for purchasing scaffold required to lay 1000 brick but covers the estimated deterioration of the 
contractor’s equipment on hand. Due to the weight of materials, the mason requires a substantial scaffold. An 
accurate estimated cost of erection must be the result of experience in the class of work to be encountered. 

12. Steel Sash and Operators. — The area of steel sash is listed in the estimate and the price 
per square foot is applied separately to each different class. An estimator familiar with market 
prices may be able to approximate a fairly accurate price per square foot for steel sash includ- 
ing glass and glazing complete, but as a rule it i s advisable to take quotations from sash 
manufacturers particularly when large quantities are considered. 

Although sash are hardly ever sold by weight, it furnishes in conjunction with the number of joints a good 
criterion for the comparative price, as sash with small size lights weigh more than sash with large size lights, and the 
increased number of joints and ventilators increase the labor cost of production. 

The estimating of operators for steel sash is generally based on a unit of one lineal foot. There are many differ- 
ent makes of these operators on the market with a wide range of prices, like most specialties. For this reason the 
general contractor usually takes quotations to determine the amount to be allowed in the estimate. 

13. Glazing Steel Sash. — Glass and putty are the two common materials included in the 
glazing estimate. 

The procedure for taking off and pricing common glass as well as other materials, must 
conform to the general methods of marketing. Glass is usually stored in cases, the sizes and 
number of'pieces in a case being found on most any stock list. The areas of sheets of the same 
texture in standard lengths and widths up to 40 in. are listed in one group. Glass over 40 in. 
wide costs about 10% more on the basis of area, and is therefore listed separately. When 
estimating odd sizes, the cost of the next larger standard size is taken plus 10 % for re- 
cutting. Ventilator glass is usually of special size as the lights at top and bottom of ventilators 
are in. shorter and the lights at sides of ventilators are % in. narrower than the standard 
lights. Ventilator lights not touching at top, sides, or bottom of ventilator, are generally of 
same dimension as the main stationary lights. J4-in. wire ribbed glass costs about 30 % more, 
and factory ribbed glass costs about 30 % less than double strength (D.S.) AA grade clear glass. 
Opaque glass as a rule is cheaper than clear glass as the imperfections cannot be as readily 
detected. 

Approximately 1 lb. of putty is required to glaze a 14 X 20-in. light. H lb. of putty is generally estimated for 
every square foot of standard side wall type sash, or 1 lb. for every 6 lin. ft. of stopping. The size of the openings 
in monitor sash varies greatly, and approximation of putty is hardly feasible from the basis of area. One pound 
will spread from 4 to 6 lin. ft. In all cases, the above values include both the puttying and back-puttying necessary 
to prevent the glass from bearing directly against the steel. 

fiteel sash are usually estimated to be glazed after erection. Having no separate frames, sash are set when the 
wall is built. A large steel sash glazed before erection would be a delicate article to handle and more than likely 
most of the lights would be knocked out by the various tradesmen working on the upper part of the structure. 

The general estimated unit cost per square foot is often made up as follows; 
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wire ribbed plate. . . 
Putty, H lb. at 6c per lb. 
Labor glazing 
Labor scaffolding / 


$0.30 
0 03 

0.08 


$0 41 

Before using the above unit costs, from 2 to 5% is added to the net estimated quantity of glass commensurate with 
the amount of shipping and handling. When glass is shipped by rail, material cost includes freight to site and labor 
cost is added for unloading. 

14. Corrugated Iron or Steel. — Corrugated iron or steel is sold by the hundredweight. As 
estimated for steel buildings, however, it is conveniently taken in units of 100 sq. ft. The 
design drawings often show the size and position of each sheet, thereby simplifying the taking-off 
of quantities. The estimating of surfaces from drawings not showing the individual sheets 
may not be quite as accurate. The net area to be covered is listed in the take-off, plus an 
allowance of from 10 to 30% for side and end laps depending upon the surface slope with 
regard to weather. The standard corrugations are 2, 2}ij and 3 in. from peak to peak of each 
ridge. Common stock sizes are 273^ in. wdde and 5, 6, 7, 8, 9, and 10 ft. long. This width 
sheet covers a net strip 2 ft. wide, making a customary lap of IH corrugations. The end laps 
range from 6 in. on a J-^-in. pitch roof to 3 in. for vertical walls. A sheet of composition 
roofing is sometimes laid under the metal when covering roofs of less than 34 pitch. Corru- 
gated covering may be fastened by steel clips bent around the supporting members, or by 
nailing to wood nailer strips. 

The gross number of squares of corrugated iron is extended at the unit price made up somewhat as follows: 

Material — 1 sq. 24 ga. galv. standard 126 lb. at $8.20 per cwt $10 .33* 

Fasteners ' 0.60 

Labor (unloading 0.07, application 2.53) 2.60 

Generals, overheads, etc., 70% 1.82 4.42 


* Includes freight. $15.35 

The item of labor varies greatly with the height of the application and the surface with respect to number of open- 
ings. The price used would apply for favorable conditions — that is, to a low structure with a moderate number 
of windows. The labor would need to be doubled or trebled when estimating high surfaces broken by numerous 
doors and windows. 

16. Carpentry. — Waste is a big factor in the estimating of lumber. Full size boards are 
rough, and dressing or planing will naturally reduce the covering values so that an extra per- 
centage must be allowed. The increased quantities due to waste are included in the material 
take-off with the result that both material and labor costs are based on the gross amount of 
material estimated. 

When boards must be cut to odd lengths, there is another element of waste. The common standard mill lengths 
of lumber are from 10 to 30 ft.in multiples of 2 ft. Sticks 9 ft. long would be estimated as 18-ft. pieces cut in half. 
A stick 9 ft. 2 in. long may be cut from a mill length board of 10 ft. Long lengths of lumber cost more per thousand 
board feet than short lengths and must be so considered when determining nearest standard multiple of odd length 
required. Lengths of 10, 12, 14 and 16 ft., of like section, usually cost the same with an advance in unit price for 
each additional 2 ft. For instance, if the unit cost of 28-ft. lengths is 10% more than 16-ft. lengths, it is more 
economical to waste up to 10 % more lumber in using the 16-ft, stock. Lumber should be so separated when listing 
in the take-off that pieces of different lengths and consequent varying costs can be priced separately. 

The tabled on p. 1092 should be of assistance in determining the number of boards required to cover the widths 
of various constructions that may be shown on plans. The lengths of the boards estimated as noted in the preced- 
ing paragraph must be considered with respect to the spacing of supports 

The quantities of nails often estimated for various carpentry are: 

1000 laths, 7 lb. 3 d. fine; or for 100 sq. yd. of lathing, use 10 lb. of 3d. fine. 

1000 sq. ft. beveled siding, 18 lb. 6d. 

1000 sq. ft. sheathing, 20 lb. 8d. or 25 lb. lOd. 

1000 sq. ft. flooring, 30 lb. 8d, or 40 lb. lOd. 

1000 sq. ft. studding, 15 lb. lOd. or 5 lb. 20d. 

1000 sq. ft, 1 X 2J4"in. furring, 12 in. centers, 9 lb. 8d. or 14 lb. 10 d. 

1000 sq. ft. 1 X 2H-in. furring, 16 in. centers, 7 lb. 8d. or 10 lb. lOd. 

I Originally compiled by J. J. Edwardfe, 
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Nails Reqtjieed per 1000 Ft. B. M. Lumber 


Size common nail 

Number 

required 

(pounds) 

Size 

finishing 

nail 

Number 

required 

(pounds) 

Size 

plank 

Spacing of joists' 
or purlins 
(inches) 

Sd 

33 

Sd 

IS 

1 X 6 

12 


21 


12 


18 


16 


9 


24 

16d 

23 

20d 

35 

2X6 

24 




14 


60 


S 


12 


72 


6K 


10 


84 


6 


9 


96 




s 


108 

50d 

26 

60d 

31 

3 X 10 

36 


22y, 


26>2 


42 


mi 


23M 


48 


mi 


mi 


60 


13 


mi 


72 


11 


13 


84 


m 


11>^ 


96 


9 


lOM 


108 


8 


9 


120 


The values given in foregoing nail table are for average lengths of wood, double nailed at the ends and single nailed 
at intermediate points. Where end joints occur, both abutting ends are usually double nailed, and for that reason, 
the number of nails for a given work will vary with lengths of the boards used. When large surfaces are estimated, 
it is often worth while to develop the actual number of nails which can be resolved into pounds by using the following 
weights: 


Size nail 

Extra per cwt. 

Length (inches) 

Gage 

Approx, number 
of nails in 1 lb. 

60d. 

Base 

6 

2 

11 

50 

Base 

5H 

3 

14 

40 

Base 

5 

4 

IS 

30 

Base 

4>^ 

5 

24 

20 

Base 

4 

6 

31 

16 

0.05 

3M 

8 

49 

12 

0 ,05 


9 

63 

10 

0.05 

3 

9 

09 

9 

0.10 


mi 

90 

8 

0.10 

2K 

mi 

106 

7 

0.20 ! 


11>2 

161 

6 

0.20 

2 

iiH 

ISl 

6 

0.30 

m 

mi 

271 

4 

0.30 

m 

mi 

316 

S 

0.45 


14 

568 

2 

0.70 

1 

15 

S7G 


It is convenient to group all nails and other hardware in the estimate, omitting these at the time the carpentry is 
listed. 

Wood nailers are frequently used on gteel members for fastening corrugated iron, wood roofs, millwork, etc. 
For ordinary roof decks, 2 X 4 or 2 X 6-in. nailers are commonly used with a 3 X 4 or 3 X 6 wherever ends of roof 
boards butt together and double nailing occurs, j^-^-in. carriage bolts are usually estimated on 18 to 36-in. centers. 

Material and labor are figured by the thousand feet board measure. The main feature in determining the 
labor allowance may be the possibility of bolting the nailer before the steelwork is erected. Nailers attached to 
steel members after erection may cost from 50 to 150 % more. 

Hoof Decking . — The cost of applying roof planking like all other roofing operations depends mostly upon the 
slope of the roof and the extent to which the roof surface is broken up. On a flat roof where the carpenter need 
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take no precautions against sliding, the work is carried on at a faster pace. Height of roof will also influence the 
cost. If the roof is too high to permit workman on the ground to hand the boards up to the men above, costs of 
hoisting are included. For factory buildings it is more a case of hoist or no hoist, as there is no appreciable 
difference in the cost for raising lumber 25 or 65 ft. The unit cost may be estimated as follows: 

1 M 2X6 dressed and matched, LLYP 

12 lb., 16d nails at 6c 

Labor unloading lumber 

Labor laying 


$66 72 

Temporary end or side Sraming of studs and sheathing, or studs and siding, is often estimated for steel factory 
buildings when the owner anticipates further expansion. The Material (studding and surfacing) is generally listen 
and estimated as two separate items, resolved into feet board measure, priced and extended by the thousand. To 
arrive at the labor cost of this kind of framing, some estimators apply a price per square foot covering both the 
siding and studding costs. The labor cost for studding usually runs more, however, and by separate listing more 
accurate units are employed. 

Interior Trim. — The costs of the various moldings used for interior trimming unlike most branches of carpen- 
try, are frequently based on a price per lineal foot, both the material and labor costs being made up on this basis. 
The material includes the gross size of the section planed plus the cost for running the board through the mill. Plain 
sections cost about the same as fancy ones, providing there is the same number of machining operations. The 
labor costs include the use of finishing nails set into the wood so that the holes may later be puttied over by the 
painter. 

16. Painting. — Painting is estimated by units of area, sometimes 1 sq. ft., 1 sq. yd., or 1 
square. The unit — 1 square — seems most practical because, if anything, it is easier to develop 
a price per 100 sq. ft. than a price for 1 sq. ft. Furthermore, to maintain the same accuracy, 
a unit per square foot must be carried into several more decimal places, and this seems like 
unnecessary detail. In arriving at the number of squares, the take-off ‘includes the gross areas 
to be covered. Like all other operations, surfaces with varying unit costs are taken off sepa- 
rately so that the correct unit price may be speedily approximated for the several items, each of 
which includes only one class of work. Each list bears a caption fully describing the material 
and the number of coats the surface is to receive. When listing the painting of glazed doors 
and windows, no deduction is made for the glass. The extra cost of painting the narrow striping 
balances the saving of material. It is well, however, to note the area of this kind of surface 
in the event the exact amount of paint will have to be determined later. The labor conditions 
are best derived by reference to the drawings. 


Values fok One Gallon of Mixed Paints 


Band of paint 

Pounds 
of pigment 

V olume of liquid 
element (gallons) 

Surface covering value 


Metal 

Smooth 

wood 

Plaster 

Brick 

Lead and linseed oil 

17 


300 

250 

200 

170 

First or second coat 

Zinc and linseed oil 

12 

H 

400 

330 

270 

220 

First or second coat 

Hard oil or varnish 



480 

400 

320 

270 

First coat only 

Hard oil or varnish 


. , 

. . . 

500 ! 

400 

360 

Second coat only 

Glue size and water 

H 

% 


400 

300 

250 

First coat only 

Cold water paint. . 

5 

i 


250 

250 

225 

200 

First coat only 


The increased covering or spreading value of the zinc paint does not represent any economy over the use of 
lead paint, as the zinc will not usually cover as effectively as the lead. Up to 10 % of dryer may be used to force the 
chemical action of the drying and lessen the drying time of the first coat, but dryers are seldom estimated as an 
ingredient of the last two coats as it is generally known that the wearing quality of paint is impaired proportionately 
with the amount of dryer added. Similarly, glue size as a first coat is estimated only for the cheaper grades of work. 
The cost of glue size is about 5% of that of good paint but it will not adhere nearly as well as a first coat of thin 
paint. The unit cost of painting for common classes of work is usually understood to include scaffold labor. In 
only rare instances does a painter do any work for which no ladders and staging are necessary. 

17 . Composition Roof Coverings. — Roofing is generally estimated by the square — that 
is, a unit of 100 sq. ft. The roof surfaces are listed in the estimate allowing about 1 ft. at 


$50 00 
0.72 
1 .00 
15.00 
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parapetSj or more when specified, and the area resolved into squares. As the average general 
contractor usually purchases roofing in place from the roofers, quotations are generally used 
for pricing the estimate. The unit price as quoted by the roofer having a specified type and 
weight of roofing in mind, would depend on the pitch of roof, height, number of separate roofs 
into which the area may be divided, and the construction of the roof deck. A roof is generally 
termed steep or flat depending upon whether roof ladders need be used. The division occurs 
in the neighborhood of pitch. 

18. General Field Expenses. — ^ After all of the building operations have been included in 
the estimate, a summary is made of the costs for conducting all work not a part of any specific 
installation. These generals may be hste^ separately or grouped in the following manner with 
the total carried over into the right-fiand column as shown on sample estimate in Art. 2. 
Assuming a factory building costing about $800,000, these items will appear approximately 
as follows : 


Amount brought forward 

Clearing rubbish from premises $1,000 00 

Freight on 6 to 10 carloads equipment per tool list 400 00 

Railroad fares 400 00 

Coal, 300 tons at $6 1,800 00 

Temporary sheds 700 00 

Office stationery, stamps, etc, 100 00 

Telegraph and telephone expense 500 00 

Superintendent, 9 months at 350 3,150 00 

General foreman, 9 months at 250 ... , . . 2,250 00 

Civil engineer, 8 months at 200 1,600 00 

Timekeeper, 9 months at 160 . . . . 1,440 00 

Car tracer ... .... 800 00 

Two watchmen, 9 months at 100 . . 1,800 00 

•Insurance (Workmans Compensation and Liability) lO^'o of M of $800,000 . . . 26,667 .00 


$698,134,00 


42,607.00 


Overheads (say Sfl,) 


$740,741.00 
59,259 00 


Total cost $800,000.00 

* 10% is the estimated rate of insurance for factory structures. Rates vary in different localities. is the 
estimated proportion of labor to the total cost of the building — in other words, the estimated payroll expenditure. 

Adding field overheads to the other costs appearing in the estimate gives a total on which 
the general office and contracting overheads can be based. The percentage used to determine 
this general office overhead depends entirely upon what proportion of the organiijation is 
contained in the general office. By adding this percentage in the estimate, the net cost of 
the construction is established and only the allowance for profit is needed to arrive at the bidding 
price. Naturally the above outline will not serve for all conditions affecting estimates. Often 
an organization uses a smaller profit factor on sub-bids than on the work to be executed by its 
own forces, and in that event the estimator should use a separate column for sub-bids or have 
other ready means for determining at once the total amount of the work to be sublet. 



SECTION 2 

ESTIMATING CONCRETE BUILDINGS^ 

By Clayton W. Mayers 

Making an estimate for a reinforced concrete building involves much more labor than is 
required in the preparation of estimates for buil^ngs constructed of structural steel, brick, 
wood, or a combination of these materials. This becomes obvious when we consider that 
a reinforced concrete beam is composed of a certain amount of cement, sand, crushed stone, 
water, reinforcem ent, formwork, and labor, while a steel I-beam in place in a building represents, 
insofar as we are concerned, only a certain amount of structural steel and labor. 

In order to estimate the cost of a reinforced concrete beam, column, floor slab or wall, it is 
necessary to determine the amount of concrete, steel reinforcement, formwork, and labor in- 
volved and to these amounts affix proper unit prices. In arriving at proper unit prices, it is 
necessary to still further subdivide the amount of concrete into its constituent parts of cement, 
sand, and emshed stone. The amount of lumber necessary to properly form the concrete 
must be determined before a correct unit price for formwork can be decided upon. The neces- 
sary amount of plant equipment and labor must be carefully considered and the cost determined 
before the estimate is complete. Compare with this the process of estimating the cost of a 
steel member in a building, which consists of so many pounds of steel and so much labor, and 
we readily appreciate that to estimate properly all the structural members of a reinforced 
concrete building requires much more detail work than is required in estimating most other 
types of building construction. 

1. Systematic Procedure Advisable. — In estimating the cost of a reinforced concrete build- 
ing it is necessary to make a complete list of all materials and labor, arranging this list in a con- 
venient form, using methods which permit this to be done with the least amount of labor. In 
making this list it is necessary to consider every structural member in the building from the 
footings to the roof slab. The quantities are determined by carefully “scaling” the plans of 
the proposed building. These estimated quantities are then priced out and the sum of the 
extended totals to which have been added the cost of superintendence, liability insurance, 
profit, and other items common to all building operations will, if correctly done, represent to a 
close degree the final cost of the work. 

2. Estimating Quantities. — Making a “quantity survey” of the plans, or “scaling” the 

plans as it is commonly called, is the first step in preparing an estimate. In order to perform 
the work rapidly and with the least possible chance for error, properly ruled stationery is very 
essential. Paper X 11 in.) ruled similar to the copy shown below has been found of excel- 

lent design and its use is recommended. 
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Column No. 1 is the “description’’ column. It is used to note briefly the location and character of the work 
being scaled 5n order that future identification may be easily made. Column No. 2 is the times column. In 
this column should be noted the number of pieces or duplicate members which are being scaled from the plans as 
exactly alike. If no duplicate pieces are shown on the- drawing, this column is not used and it is understood that 
but one member or unit is to be estimated. Column No. 3 is the “first dimension' column, or length column. 
Column No. 4 is the “second dimension,” or “width” column. Column No. 5 is the “third dimension,” or 
“height” column. Column No. 6 is the “quantity” column and should contain the extended quantity only. 
Column No. 7 is the “summary” column in which the total of the “quantity” column is shown reduced to the unit 
1 Copyrighted by the Aberthaw Construction Company. Used in this Handbook by permission. 
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of measure generally accepted as the standard measure ready for pricing out, as cubic yards of concrete, tons of 
steel reinforcement, etc. Column No. 8 is for the “unit price.*' Column No. 9 is the “total” column, for the prod- 
uct obtained by multiplying the summarized quantity by the unit price. This product is carried out in even dollars. 

On account of the comparatively large amount of detail work involved in estimating the cost of reinforced 
concrete construction, it is quite important that a definite system or “ order of scal- 
ing” be laid out and carefully followed. If this is done, the work of “scaling the 
plans ” is greatly simplified and the liability of error is reduced to a minimum. In 
preparing the list or “order of scaling,” the items to be sealed should be con- 
sidered in the order of actual job construction with one or two exceptions men- 
tioned later on in this chapter. 

2a. Area and Cube. — At the beginning of each estimate 
for a building should be noted the square foot area of the floors of the 
building and the cubical contents -of the structure. This is done in 
order that the estimator may, with practice, learn to judge the cost 
of the work quite closely on a square and cube foot basis before the 
estimate is begun. Practice of this kind, checked up after the esti- 
mate is completed, will be very helpful in developing the estimator’s 
judgment. In considering the area, the floors (including basements) 
are measured and the dimensions are taken ^'out to out.’’ For in- 
stance, the areas of a building two stories high, 160 ft. long, and 60 
ft. wide should appear on the estimate sheet as follows: 2 X 160 X 60 - 
19,200 sq. ft. The cubical contents of the building should be figured from the same length and 
width dimensions and the total height from the bottom of “the basement floor to the top of the 
roof slab. The cubical contents or “cube” as it is commonly called, 
would appear as follows: 160X60X 23M = 227,200 cu. ft. 

26. Concrete — Exterior and Interior Footings . — In 
“scaling” the quantities of a concrete footing it is necessar}/ to first 
determine the amount of concrete in the footing by tabulating in the 
proper column of the estimate sheet the dimensions of the footing. For 
example, Fig. 1 represents one of twenty-two typical exterior 
column footings for a reinforced concrete building. First describe the 
footings in column No, 1 as follow’s : footing No. lA to 9A inclusive, 

IB and 9B, IC and 9C, and ID to 9D inclusive. Next, in column 
No. 2 note the number of footings which are alike (in this case 22). 

In the ^^lengtli” column, note the length of the lower block (5)^ ft.), 
following with the width and height dimensions ft. and 1% ft., re- 
spectively) . Thus the concrete contained in the lower blocks of these 
22 footings is tabulated as 22X5J^X4J^ XIM. On the line below 
should be tabulated the upper block of the footings which will appear 
22 x4X 2J'x 2X1. The scaling of the quantities in the interior footings 
(Fig. 2) is handled in the same way and, when properly tabulated on the estimate sheet, appears 
as follows : 



Inferior fboHiws (h3-G Mix) 
SBfedB, 2CfodCinci. 


Fig. 2. 


r I 

I j 

Foundafion walk 



1 

^^1 

II±1 


. I d • [kl I 





Exfenor f oof mgs 
iA to SA mci 
iB-SB. tC-3C 
iOfo^Dinci 


Fig. 1. 



This completes the “scaling” of the concrete in the footings. It will not be necessary to refer to 
the plans again in order to get the form quantities in connection with these footings. This 
will be explained later on under “Formwork.” 
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It will be noted that fractions are used instead of inches or decimal parts of a foot. To use inches makes 
extension of totals diflS.cult and the tabulation unwieldy. To use decimals is inviting error as the decimal point is 
very likely to be misplaced or omitted. Years of practice have proved that the only safe method is to use fractions 
of a foot when inches are implied and no fraction to be smaller than one-twelfth (Ks). Thus* 3 ft. 5 in. — 3^2 
ft , 6 ft. 9 in. — 6% ft., and 8 ft. 10 in. = 8^^ ft. Where half inches are involved in concrete work (except 
in the thickness of floors), the fraction should be equivalent to the next higher even inches. For example: 6 ft. 

in. = 61'^ ft. and 7 ft. 21^ in. = ft. This ruling can be safely followed without danger of gross error with 
the exception of floor thickness which will be discussed under “Floor Slabs.” 

As all handbooks show the weights of steel bars in decimal parts of a pound, it will be necessary to use decimals 
in computing the tonnage of steel reinforcement. 

The slide rule will be found of great value in extending the quantities and its intelligent use will result in 
both speed and accuracy. All arithmetical computations should be checked by a second person before the estimate 
is submitted. 

Certain abbreviations are used to simplify the scaling of reinforced concrete. In order to remove as far as 
possible the liability of error, it has been found that by reversing the order 
of the letters in some of the abbreviations that fewer mistakes are made 
due to carelessly made letters placed next to figures being mistaken for 
figures themselves. The following abbreviations have been used exten- 
sively and are recommended; c.y. = cubic yards, s y. = square yards, 
f .c. = cubic feet, s.f. = square feet, f 1. = linear feet, sqs. = squares 
(100 sq. ft.), when placed first stands for the number of units, 

jf = when placed after stands for pounds, Ddt. = deduct. 

Foundation Walls . — Under tliLs heading, generally 
speaking, should be included all concrete walls below grade. 

In scaling such walls the quantity scaled should include 
all concrete above grade which can be correctly classed as 
a part of the foundation wall. For example, a cellar wall 
may extend a foot or more above grade before reaching the 
level of the first floor, yet the part above grade will be 
classed as foundation wall along with the part of this wall 
which is built below the grade level. It is the usual practice to include under the heading of 
^^Foundation Walls ” all the concrete walls which are below the level of the first floor and includes 
area walls, pit 'walls, etc. Fig. 3 represents a cross section and plan of the foundation wall ex- 
tending around a reinforced concrete building having a length of 160 ft. and a width of 60 ft, 
In scaling the quantity of concrete in this foundation wall the sections or pieces of 'wall should be 
considered by elevation as follows: 




It will be noted that in scaling the concrete foundation wall shown above, the wall on the side or south eleva- 
tion is scaled for the full length of the elevation. The quantity of concrete in the splayed part is added as part of 
the foundation wall. The concrete in the 7 piers or pilasters is then added, always considering the dimensions in 
the order of length, width, and height. Next the east or end wall is scaled (progressing anti-clockwise). In the 
case of the ends, in order to avoid doubling the amount of material in the corners, the inside dimension is scaled in- 
stead of the outside “overall” dimension. This dimension should be set down in the length column to read 
(60-1 The concrete in the two piers or pilasters is next added. The north wall is sealed similar to the south, 
and the west similar to the east. The concrete in the 4 corner piers is then added and the scaling for the founda- 
tion wall is complete. 

Exterior and Interior Columns. — Fig. 4 represents a part cross 'section showing the typical 
exterior columns of a building 160 ft. long and 60 ft. wide. Assuming these typical columns to be 



Fig. 3. 
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spaced 20 ft. apart, there will be IS such columns in the building and 4 corner columns. The 
scaling of the quantity of concrete in these columns will appear as follows: 
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this scaling we have in the ^'times’’ column the number IS, which de- 
notes the number of typical exterior columns in each story . In the next 
three columns of the estimate sheet are found the length, width, and 
height respectively of the columns being scaled. Each of the four cor- 
i^er columns has both exterior faces of the 
same dimension, but the inside corner is 

notched out. This complicates the expres- ^ '" pfca 

sion representing the cross-sectional area \ ^ / 

of this corner column, which is set down in ^ ^ ^ 

the length’^ and width’’ columns of the ^ 

estimating sheet. This expression con- 

sists of two parts. The first part repre- 

sents a rectangular column and the second ^ 

part represents the area of the notched ^ j 

portion of the column which is to be de- KAUA—y 

ducted from the larger area. Corner 

columns or irregular columns should > • . ^ 

always be scaled in this manner. The § 

second story columns are scaled similar 

to the first story columns above discussed. ' i^Moop^/Ftfoc 

As the concrete brackets only remain to i — L 

be scaled it is necessary to count up the Fig. 5. 

number of brackets and to determine the 
cubic feet of concrete in one bracket* This completes the scaling of 
columns. 


WO/a. 

d-^^^ffods 


The scaling for the interior columns is done in a similar manner, unless they happen to be round instead of 
quare. Suppose Fig. 5 represents a typical interior first and second story column of a building in which these are 
4 suse columns. The scaling for these 14 first story and 14 second story columns would appear as follows: 



In scaling the interior columns the second column on the estimate sheet should contain the number of identical 
nerabers being scaled (14 in this case). As these interior columns are round it is not possible to use the “length” 
ind “width” columns exactly as outlined at the beginning of this chapter. These two columns .should contain 
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however, figures which represent the cross-sectional area of the column. It is best to do this by noting the diam- 
eter of the column, enclosing same in parenthesis. Immediately following should be noted in square feet the cross- 
sectional area of the column. The “height” column should contain the length of the member from floor to the level 
of the bottom of drop panel. Next is noted in the “times” column the number of column heads (usually the same 
as the number of columns) and in the “length” and “width” columns the approximate number of cubic feet of 
concrete in the head which is in excess of the shaft already scaled. The similar tabulation of the upper story 
columns completes the scaling of interior column concrete. 

Floor Slabs and Roof Slab. — Scaling the quantity of concrete in floor and roof slabs is very 
simple. As in scaling the concrete for beams and columns, the dimensions should be taken off 
in the order of length, width, and height. For instance, suppose it is necessary to scale the 
concrete in the second floor slab and roof slab of a reinforced concrete building 160 ft. long and 
60 ft. wide. The second floor slab is 73^ in. thick and the edge of the slab is set back 2 in. from 
line of face of building. There is a stair well-opening in the slab ft. long and 10 ft. wide. 
The roof slab is 6 in. thick and has no opening. The quantities of concrete wmuld appear as 
follows : 
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It will be found in first practice that it is the natural tendency to put down the thickness of the slab in the 
“width” column instead of in the last or “height” column. This tendency will be quickly overcome if the 
estimator remembers that whether it is beam, column, or floor slab, the order of scaling dimensions of concrete should 
always be length, width, and height. The thickness of the slab is a very important dimension and should be 
accurately tabulated on the estimate sheet. If the slab thickness if 5K in., the fraction tabulated in the “height ” 
column should be ^> 24 * This is one of the very few instances which occur in scaling concrete work when fractions 
having denominators larger than 12 are recommended. 

Drop Panels. — Drop panels, which occur over the column heads of flat slab designs should 
be considered as small floor or roof slabs when being scaled for estimate purposes. The quantity 
of concrete in the drop panels shown under the floor slab and roof slab in Fig. 5 would appear 
on the estimate sheet as shown below. 
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Wall Beams. — Under the heading “Wall Beams,” must be included the curtain walls, 
parapet beams, and other similar structural members. In Fig. 4 is shown a typical wall beam 
and parapet beam in a building 160 ft. long and 60 ft. wide. The exterior columns are 20 ft. 
apart. The concrete in the wall beams and parapet beams will appear as follows: 
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The expression within the braces represents the total actual length of wall beam. Within the braces we find 
two expressions, the first enclosed in brackets and the last in parenthesis only. The first of these represents the 
perimeter of the building and the second the total length of column faces which should be deducted from the perim- 
eter in order to arrive at the actual total length of wall beam. The parapet is scaled in a similar manner but no 
deductions are made except for overlapping corners. It will be found that errors will be avoided if wall beams, 
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parapets, etc., are scaled in, this manner. If the beams are considered individually, omissions of entire beams are 
very likely to occur and the error would easily be passed unnoticed 


Interior Floor Beams. — Interior floor beams are usually scaled 
by simply noting in the ^^description” column the location or index 
number of the beam or beams* The ‘Himes” column should con- 
tain the number of identical beams, and the “length,” “width,” and 
“height” columns should be used according to rulings set forth 
throughout the preceding pages of this chapter. The height of a 
beam should always be taken exclusive of the slab thickness. Beams 
around stair openings should be treated in the same way except that 
sketches of the cross section of the beam should usually be made in 
the “description” column as a help in determining the form work as 
explained later on under “Formwork for Beams.” For instance, if 
we hav e two stair well beams as shown in Fig. 6 thequantities of concrete would appear as follows : 
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Partitions, — Concrete partitions are scaled in the same manner as interior concrete beams, 
[n the “description” column should be noted the approximate location or character of the parti- 
tions and the remaining columns of the estimate sheet are to be used as hereinbefore set forth, 
ilways bearing in mind that, in this case, the thickness of the partition is the “width ” or second 
dimension scaled. The concrete quantities appear below for the 6-in. concrete partitions shown 
.n Fig. 6 and occurring on the first and second floors of a building having a story height of about 
lift. 



Window Sills and Copings. — Concrete window sills and copings are scaled by the linear 
bot and in taking off the quantity of each, the work proceeds by elevations. For instance, in 
the “description” column should appear the words “south elevation” after which should ap- 
pear in the “times” and “length” columns the number and length of the window sills or coping 
3 n the south elevation. The east, north, and west elevations should then be considered in 
burn. A cross-sectional sketch or notation as to size of sill or coping should be made in the 
“description” column, as a help in determining the correct unit price per linear foot when 
bhe work of pricing the estimate is to be done. The following illustrates the proper method of 
scaling window sills. Should concrete copings occur on top of brick parapet walls similar 
methods should be observed. 
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Stairs and Landings, — Fig. 7 represents the flight of reinforced concrete stairs shown in 
Fig. 6. In order to scale” the stairs it is necessary to count the number of nosings (18 in 
this case), and set the number down in the ^'length” column. The “width” column should 
contain the length of each nosing from wall to outer edge. The product of the two dimensions 
wriU give the linear feet of nosing which should be taken as the standard of measure for con- 
crete stairs. The landings are measured by the square foot and the landing beams may be 
neglected, as in pricing out the cosh of the landing per square foot, proper allowance is made 
for the .extra cost of the landing 'beam. The thickness of the landing slab may also be 



neglected as in the case of the stairs. Concrete stairs and landings, unless of special designj 
may be considered in this manner without appreciable error in cost estimating. Below is given 
the proper scaling of the concrete stairs and landing shown in Figs. 6 and 7. 



Paving. — Concrete paving is a term applied to an unreinforced concrete slab resting on earth 
fill, such as a basement floor or the first floor of a building where no basement is called for. In 
scaling the quantity of concrete in a concrete paving the same rules are observed as laid down 
for a concrete slab. The concrete in a piece of paving 5 in. thick and 160 ft. long by 60 ft. 
wide would appear on the estimate sheet as follows: 
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Granolithic Finish. — Scaling the quantity of granolithic finish in a building is done at this 
stage of the estimate because the surfaces having granolithic finish applied to them have already 
been scaled, and it is simply a matter of referring to previoiis dimensions in order to determine the 
quantity of granolithic finish required. For instance, if the second floor slab previously scaled 
is to be finished with a granolithic finish of the “laid after” type, and on the paving above an 
integral granolithic finish is called for, the granolithic finish dimensions would appear on the 
estimate sheet as follows : 
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C arbor inyhim Rubbing. — The area of the surfaces to be treated with carborumdunx rubbing 
can be more easily detennined if left until the formed surfaces have been determined. This 
will be taken up in another part of the chapter. 

2c. Formwork. — If the foregoing rules have been carefully followed in regard to 
scaling concrete, the work of determining the amount of formwork necessary to mould the con- 
crete may be very easily done with practically no further reference to the drawings, and at the 
same time the results are accomplished in the least possible time. In writing out the form di- 
mensions it is necessary to refer to the concrete dimensions and copy such figures as will give 
the formed surfaces. As but three columns of the estimating sheet are needed in tabulating 
the dimensions for formwork, the seconder “times’’ column is left blank and the remaining three 
columns used for this work. V ery little “ description” is needed in writing out formwork dim en- 
sions, since, in order to learn the character of the work formed, it is necessary only to turn back 
to the concrete scaling corresponding to the formed surfaces in question. Enough description 
should be given in the “description” column to make it easy to identify the form dimensions 
with the concrete scaling. 

Forms for Exterior a 7 id Interior Footings. — The form dimensions for the concrete footings 
as scaled from Fig. 2 are shown properly written out below. 



The first number written out is 22 and represents the number of footings being formed. The second dimension 
is 19 and represents the perimeter of the lower block. The third dimension is and represents the height in 
feet of the lower block. On the next line below occur the dinaensions of the formed surfaces of the upper 
block of the exterior footings treated in the same manner. The interior footings are treated in the same way. The 
product of these figures as shown will give the surfaces of concrete in the footings which must be provided with 
forms, and is to be priced out in the estimate as “surface measurement.” 

Forms for Foundation Walls— In scaling the forms for foundation walls it must be 
remembered that both sides of the wall are to beformed, hence the first figure written down must 
be the figure 2. The figures shown below represent the correct tabulation of the form dimensions 
for the concrete foundation wall as scaled from Fig. 3. 
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First the figure 2 denotes that two sides are formed. Next in order is found the length of the wall to be 
formed, and last the height of the formwork. Both the length and height dimensions of the wall arc taken directly 
from the concrete scaling. The piers are projections on the face of the wall and, as the face of the pier is already 
measured when the face of the wall is taken, it is necessary to add only the surfaces of the edges of the piers to com- 
plete the foundation wall forms. The corner piers do not increase the amount of formed surface and may be 
neglected in writing out the form dimensions. Forms must be provided for the edge of the paving concrete and 
this is usually added to the foundation wall forms. 

Forms for Exterior and Interior Columns. — In writing out the form dimensions for exterior 
columns and other rectangular or notched columns, the same rules are followed as have been laid 
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down for footing forms. There are but three dimensions or numbers to write down on the 
estimate sheet, viz., number of columns, perimeter of column, and height of the surface formed. 
These dimensions may be taken directly from the concrete scaling. 


The forms for round columns and column heads are usually made of sheet steel or iron and instead of determin- 
ing the square feet of formed surface it is necessary only to list the number of columns formed, the diameter and the 
height of the columns. The forms for the brackets are determined by simply listing the number of brackets and 
determining the approximate number of square feet in one bracket. The formed surface of the bracket should be 
kept separate from the main column forms as the unit price of labor is at least double for this work. Below will be 
found the form dimensions for the exterior and interior columns as taken from the concrete scaled or from Figs. 
4 and 5. 



Forms for Floor Slabs and Roof Slab . — In writing out the forms for flat slabs it is only neces- 
sary to determine the area of the slab. The length and width dimensions of the slab are taken 
directly from the scaled dimensions of the concrete without reference to the plans. The areas 
of the bottoms of the drop panels should be deducted by referring to the scaling of the concrete 
in the drop panels. If the slab forms are for the beam and girder type of floor, the area of the 
slab is determined as above and then the beam bottoms are deducted from the slab areas. To 
deduct the beam bottoms it is necessary to refer to the scaled dimensions of the floor beams and 
girders and select the dimensions which represent the bottom surfaces of all beams occurring in 
the floors. Deductions for openings are made from form quantities only when the area equals, 
or exceeds 25 sq. ft., and then the full opening should not be deducted as an allowance must be, 
made for the formwork required to form the concrete at the edge of the opening. The forms for 
the concrete floor and roof slab scaled on p. 1101 have been properly written out below and com- 
parisons should be made with the concrete scaling in order to fully understand the method. 



Forms For Drop Panels . — Drop panels are part of the floor slab concrete and as the areas 
of the bottoms of the drop panels have been deducted from the floor slab it is necessary to add 
this area back again under this heading. The formed areas of the edges should als6 be added 
to the area of the bottoms. No deduction is made for the opening in the bottom of-.the drop 
panel form where the column head joins the drop panel. The dimensions written out below 
represent the formed areas of the concrete in the drop panels as scaled from Fig. 5. 
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Forms For Wall Beams . — To properly write out the forms for wall beams, curtain walls, 
parapet beams, etc., it is necessary to observe the rules laid down for foundation walls. Both 
sides are formed, hence the necessity of the figure 2 appearing before the dimension representing 
the linear feet of wall beam. The height of a wall beam is figured from the inside vertical height. 
As this leaves the outside edge of the floor slab without forms, it is necessary to add an area 
of formed surface equal to the perimeter of the building multiplied by the thickness of the floor 
slab. This takes account of all exposed surfaces to be formed except the projecting sides of 
the concrete in the columns at the floor level for a height equal to the thickness of the floor 
slab only. This is so small that it may be neglected. The forms for the parapet are written 
out following the same principles as outlined for wall beams. The forms for the wall beams and 
parapet in Fig. 4 have been properly shown below and comparisons with the corresponding 
concrete scaled from Fig. 4 should be made. 



Forms For Interior Floor Beams . — If no sketches appear in the ^‘description” column of the 
scaling of the concrete in the floor beams, it is assumed that a slab of uniform thickness rests 
upon the beams. The number of beams and length of the beams are first written down as for 
other concrete members of similar structure. As the scaled dimension of the beam height is 
taken to the bottom of the slab only, it is quite simple to compute mentally the sum of the two 
side dimensions plus the bottom dimension. This represents the formed area of one linear 
foot of beam and should be written down in the fourth or “width” column of the estimate sheet. 
The product of these dimensions will give the area of the formed surfaces of the interior floor 
beams. If accompanying sketches show that other formwork is necessary to completely form 
the beam, proper additions should be made to take care of this work. The formed surfaces of 
the concrete as scaled in the floor beams shown in Fig. 6 are somewhat irregular as they occur 
at stair openings. The quantities of this formwork appear below. 



Forms For Partitions . — In writing out the formed areas of concrete partitions, the same 
rules are observed as for other wall forms. Openings are not deducted unless the area of the 
opening equals or exceeds 25 sq. ft. The formed areas for the concrete partitions shown in Fig. 
6 are given below. 
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Forms For Window Sills, Copings, Stairs and Landings . — No formed areas are computed 
for window sills, copings, stairs and landings as the unit price appearing opposite the summarized 
quantity of concrete is made up to include the cost of formwork and reinforcement as well as 
concrete, hence the forms are not written out. 

Formed Surfaces — Carborundum Rubbed . — Referring back to the subject of carborundum 
rubbing, since the form dimensions are written out, it is very simple to determine the square 
feet of surface to be rubbed. This may be done very quickly by picking out from the formed 
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areas the surfaces which, according to specification, must be treated in this manner. It will 
be found most convenient to leave the work of determining the area of concrete surfaces to be 
rubbed until after the extension of the form dimensions has been completed. The surface 
measurements of all formed surfaces will then be found in the “quantity'' column reduced to 
square feet, and the total area of the rubbed surfaces may be quickly determined. 

2d. Reinforcement. — Scaling the quantity of reinforcement in a concrete build- 
ing is a process by which the tonnage of steel bars is obtained. It is not necessary to make a 
schedule of the bars in the entire building, as it means a large amount of tedious work and in 
the end the same result is obtained. Footing reinforcement is usually scaled by listing the 
size of the bars first, then the number of bars needed, and finally the length of the bar itself. 
Often times it will be found convenient to compute the number of pounds of reinforcement in a 
footing and then multiply by the number of footings. Reinforcement in foundation walls 
may be figured at the number of pounds per square foot of wall. Column reinforcement is 
usually taken off the plans in detail, listing the size, number of bars, and the length of the 
bars in the regular order. Slab reinforcement is almost always computed on the square foot 
basis and all beam reinforcement by the number of pounds per lineal foot of beam. Curtain 
wall and partition reinforcement is computed by the number of pounds to a square foot of 
reinforced surface. In computing reinforcement on the square foot and lineal foot basis, care 
must be taken to allow for all secondary steel, laps for bond, stirrups, construction bars, waste, 
etc. It will require careful practice in order to scale reinforcement accurately by this method, 
but once thoroughly understood, it will be found a very reliable and rapid method. The rein- 
forcement is listed in the same order as the forms and the different types may be easily grouped 
for pricing. 

2e. Excavation — General or Steam Shovel Excavation. — General excavation is 
the term applied to the process of removing the earth for basements, or cutting down the grade 
to the paving level. General excavation does not include the excavation for the footing 
holes below the paving level or other small excavated areas where hand work entirely must 
be used. Steam shovels, scraper diggers, or hand work may be used in general excavation 
and when the quantity is scaled for estimating purposes, notation should be made of the prob- 
able method to be employed in doing the work. In scaling the dimensions for general excava- 
tion the order should be the same as for scaling concrete work, viz., length, width, and height, 
and should be written down in the proper columns of the estimate sheet. Proper allowance 
should be made for slope of the earth work outside of the exterior footings when the length 
and width dimensions are scaled. If the general excavation is done by hand, vertical sheeting 
may be used instead of excavating to a slope. All these conditions should be noted in the 
“description" column when the scaling is done. 

Footing Excavation. — The labor of removing earth for footing holes, pits, trenches, etc., 
is nearly always done by hand and should be described on the estimate sheet as “Footing 
Excavation." In scaling the quantities for footing excavation the nature of the soil to be 
removed should be noted as well as the location of the footing hole in respect to the plans. Foot- 
ing holes excavated to a depth exceeding 4 ft. should be scaled net, that is, add but (5 in. to the 
length and width dimensions of the footing for the size of the excavated hole. This allows for 
the thickness of the sheeting lumber generally used in connection with footing excavation 
exceeding 4 ft. but not exceeding 10 ft. in depth. In scaling footing excavation when the 
depth is less than 4 ft., no sheeting is used but proper allowance is made in scaling dimensions 
to allow for the slope of the earth work. When sheeting is used for footing excavation the 
sheeting usually serves as foxmwork for the lower block of concrete in the footing. 

Backfill. — Backfill is a term applied to the labor of rehandling excavated material after 
the footings have been placed and it becomes necessary to fill in around the footing, wall, or 
other foundation work. This quantity usually equals the amount of earth removed in excavat- 
ing for the footing, as the amount of earth which is left after the footing hole is properly back- 
filled must be rehandled and disposed of in some other way. Where the earth work is a large 
part of the job operations, the backfill and general disposition of excavated material should be 
carefully considered. 
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Sheeting , — As the form dimensions are written out from the scaled dimensions of the 
concrete work, so are the sheeting dimensions written out from the scaled dimensions 'of the 
excavation. Sheeting is estimated by the square feet of surface measurement of earth retained. 
No allowance is made for the distance the sheeting penetrates the ground below the bottom 
of the excavated hole or for the distance above the top of the earth work retained. 

2/, Masonry — Brick Work . — Brick work, where more than 4 in. thick, is 
estimated by the cubic foot. In order to determine the cubic feet of brick work in a wall, 
the dimensions are scaled in the same manner as outlined for “Concrete Partitions.^' In 
scaling the brick work in the exterior walls of a building, the work should be done by elevations 
and adequate description given to make it easy to check over the work to see if any part has 
been omitted. The quantities should contain the actual number of cubic feet of brick work 
to be built and no more. All openings should be deducted exactly as they are shown and no 
allowances made in the quantity to take care of work which may be more or less expensive to 
construct than the average unit price will pay for. After the actual cubic feet of brick work 
in a building is determined, the unit price should then be made up to correspond with the class 
of work to be built. 

Brick Veneer . — Brick veneer is usually laid up 4 in. thick and is so noted in the “description” 
column together with other notations regarding the character and location of the work. As 
brick veneer is estimated by the square foot in scaling the quantity, it is necessary to determine 
the length and height only of the work, using columns No, 4 and No. 5 in which to write down 
these dimensions. The work should proceed by elevations as in the case of scaling other classes 
of brick work. 

Terra Cotta Partitions . — Partitions built from hollow terra cotta blocks are estimated by 
the number of blocks laid up in a wall. As nearly all hollow terra cotta blocks have a face 
measurement of one square foot each, the number of blocks in' the terra cotta wall corresponds 
to the number of square feet in the face of the partiti6n. In scaling the square feet of terra 
cotta partition, it is necessary to observe the same methods as were laid down for scaling 
“Concrete Partitions.” Notation should always be made-.in the “description” column regard- 
ing the type of block specified and the thickness of the partition. All deductions should be 
accurately made. It may be stated here that the mortar joints in the work offset the usual 
breakage of the blocks in transit and no allowance therefore need be made for either mortar 
joints or breakage. 

2g. Plastering. — Plastering is measured by the square yard of surface measure 
and the dimensions making up the quantity are usually taken directly from the scaled dimen- 
sions "of the terra cotta partitions, ceilings, walls, or other surfaces in a manner similar to 
the way in which carborundum rubbed surfaces are determined. In the “description” column 
should be noted the number of coats called for, kind of cement specified, and other notations 
helpful in deciding upon proper unit prices. 

. 2h. Steel Sash. — In estimating steel sash, the important points to consider are 
size of opening, uniformity of size and type, percentage of ventilation, and operation. The 
“description” column should contain information relative to all these points. In scaling the 
size of the opening the number of identical sash should first .be listed in the second column of 
the estimate sheet. The length and height of the openings should follow in the third and 
fourth’ columns respectively. The sash openings should be sealed by elevations as by this method 
omissions of a large character would be quickly noted when the dimensions were extended. 

2i. Glass and Glazing. — After noting in the “description” column the kind 
and size of glass specified, it is a simple matter to determine the number of square feet of glass 
required to glaze the sash. For estimating purposes it is sufficiently close if we assume that 
90 % of the sash area is made up of glass. Therefore, the glass required is usually carried out 
on the estimate sheet as 90 % of sash area. 

2j. Doors, Frames, and Hardware. — In listing the doors, frames, and hardware 
in a building, the doors should be considered individually or by types. The location and char- 
acter of the door should be noted in the “description” column together with notations as to 
frame juid hardware. In writing down the size of the door, the width should be first con- 
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sidered and the height last. For instance, a door 2 ft. 8 in. wide by 6 ft.’ 8 in. high should 
appear on the estimate sheet as % X %- The number of doors of a kind is written down in 
the summary’^ column as the scaling is done. 

2h. Light Iron Work and Miscellaneous Iron. — No special ruling can be set 
down as governing the scaling of light iron work for general estimating purposes,^ The estima-- 
tor should list intelligently all such material and at the same time endeavor to scale the dimen- 
sions in a manner which will result in the quantity being reduced to the proper basis for pricing 
out. Pipe hand rails should be in lineal feet, safety stair treads in lineal feet, steel inserts 
by the piece, cast-iron scuppers by the piece, and curb angle guards by the lineal feet at so many 
pounds per foot, etc., etc It is also customary to carry out in the ‘Hotah’ column a certain 
sum of money decided upon in the judgment of the estimator as adequate to cover miscella- 
neous iron work not shown or called for on plans or in specifications, but which invariably must 
be supplied by the builder. 

21. Roofing and Flashing. — The roofing dimensions are usually taken directly 
from the scaling of the concrete for the roof slab. This is generally full measure as the parapet 
beams reduce the roofing area slightly below the slab area but as roofing is measured in units of 
squares (100 sq. ft.) the result is quite correct. In scaling the roofing area, it is first necessary 
to note in the ^‘description ” column the kind of roofing required and the guarantee. Flashings 
are a part of the roofing contract and should be sealed immediately following the roofing. Base 
and cap flashings are estimated by the lineal foot and notation should be made of the kind 
of metal specified together with the number of inches in width required to flash one lineal foot. 
Metal gravel strip should be scaled in the same manner. Conductor boxes are estimated by the 
piece and should be listed in the “summary” column accompanied by proper description. 

2m. Painting, — Painting of walls and ceilings is measured by the square yard and 
as in estimating the amount of carborundum rubbing, the painted surfaces may be determined 
by referring to the extended dimensions of the form areas of the concrete ■work. Other painted 
work, such as brick walls, terra cotta walls, etc., may be determined readily by referring to the 
quantities already scaled for this work and the total painted areas then reduced to square yards 
and written down in the “summary” column. 

Painting steel sash and doors is also measured by the square yard. To determine the amount of painting 
on the steel sash and doors of a building, refer to the scalings for the sash and doors adding together the fiat areas 
just as though the entire areas were to be painted like a door. Double this area as doors and sash are painted two 
sides. Then divide this amount by 9 and the result is the square yards of painting to be estimated, and should 
appear in the “summary'' column of the estimate sheet. 

Painting light iron, miscellaneous iron, etc,, is usually a small item and is not figured on a square yard basis, 
but rather by the judgment of the estimator. The amount of money allowed for this depends entirely upon the 
miscellaneous iron to be painted and each job is considered individually. 

271. Engineering, Plans, Etc. — Sometimes the builder is called upon to include 
in his estimate the cost of preparing designs and plans for the work to be estimated. The per- 
centage of cost varies with the type of building and the skill of the engineers doing the work. 
Ordinarily the plans of a regular reinforced concrete factory can be prepared, from the surveys 
to the finished drawings and details, for 3 % of the net cost of the completed structure. 

2o. Clean Up The Job At Completion. — The estimator must allow a sum of 
money sufficient to cover the cost of cleaning up the job at completion, removing debris from 
the site, washing windows, and leaving job broom clean. 

2p. Liability Insurance. — An item must be included in the estimate which will 
cover the cost of carrying liability insurance for the period of the job. The rate varies in differ- 
ent localities and with different contractors. The percentages may run as low as 3 % of the 
amount expended for labor costs. As the labor expense involved in constructing a regular 
reinforced concrete building amounts to about one-third of the total cost of the building, the 
amount of money to be allowed for liability insurance premiums is easily determined when 
the rate is known. For instance, suppose the rate is 6% of the labor and the total estimate 
amounts to $62,000 without profit.' If this building is a regular reinforced concrete factory, 
the labor involved would be about one-third of $62,000 or approximately $21,000. Com- 
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puting 6 % of $21,000 we have $1260. The amount of money carried in the estimate for lia- 
bility insurance premiums could well be taken at $1250. 

2g. Watchman. — In order to estimate the cost of employing a watchman while 
a building operation is going on, it is first necessary to determine approximately the number 
of weeks required to construct the building. This decided upon, it is a matter of computing 
the expense of employing a watchman for this length of time at a proper weekly wage. 

2r. Superintendence, Job Overhead, Office Expenses, Etc. — Under this head 
must be included all the expense attached to maintaining a job office, including the job super- 
intendent. It is the usual custom to determine the amount of this expense for one week and 
multiply this amount by the number of weeks this office must be maintained. Under the head 
of ^‘Superintendence, Office, Etc,, ” must be figured the wages of the foUowing men: job super- 
intendent, time keeper, chief office clerk, and tool boy. On specially large jobs the office force 
will consist of more men than above Hsted, while on a very small job the personnel may be cut 
down by arranging to have the chief clerk act as timekeeper in connection with his other 
duties. The cost of telephones, stationery, railroad fares, freight on supplies, building and 
dismantling office, etc., must be considered. These are items which may be easily estimated 
at too low a figure. Proper consideration should be given to every expense entering into 
this item if the estimate is to be an accurate one in which allowance has been made for 
proper and competent job management. 

2s. Sundries. — ^It often occurs that estimates are made from plans not com- 
pletely finished or from poorly prepared drawings. The uncertainty attached to making esti- 
mates from such plans makes it advisable to conclude the estimate with an item for sundries, 
the amount of which should be determined in the estimator’s judgment as being adequate 
to protect his estimate against over-runs due to his having omitted some work implied but not 
shown or called for. The amount of this item should be based on a percentage of the total 
estimated cost not including profit and usually runs from 2 to 5 % according to the condition of 
the plans. It is very seldom an estimate should be prepared without any allowance for over- 
runs due to unforeseen conditions. 

2t. Profit. — The percentage of profit is figured on the total cost of the work 
including labor and material, etc. It may be a very low percentage or may be very high, de- 
pending entirely on the basis the contractor is operating his business. Eight per cent is consid- 
ered a very low profit and the contractor must do a large volume of business and keep his job 
organization well employed in order to be successful at this rate. Percentages of profit will run 
from 8 to 15 % and sometimes higher. For ordinary estimating purposes, 10 % may be assumed 
as a fair profit for the builder of reinforced concrete buildings, unless the job costs will run under 
$50,000 total cost, in which case 12 % profit should be added to the estimate. 

3. Estimating Unit Prices. — The two principal elements which constitute unit prices in 
general are labor and materialo In order to arrive at a correct unit price for a certain building 
operation it is necessary to know very closely how much labor is involved to perform a unit 
of this work and also how much material wiU be required. The items of labor and material 
must be estimated separately and then combined, comprising as a whole, the unit price to be 
used in the estimate. Every step involved should be carefully analyzed and correct values cal- 
culated for the labor and material in each step. Unit prices which have been intelligently 
prepared in this manner will usually represent to a close degree the cost of the finished work. 

The unit prices given in this chapter are based on the labor rates and material costs prevailing in New England 
at the time this paper was prepared. As unit costs vary greatly in different localities and with the changing markets 
of labor and material, the unit prices shown here should be viewed with caution for estimating purposes. The 
volume of material and labor being priced has an important bearing on the unit price, and it should be borne in mind 
that a correct unit price for estimating purposes should be built up from the circumstances and conditions peculiar 
to the job being estimated and it cannot be obtained in any other manner. 

For this estimate, it is assumed that common laborers receive an average wage of 50 cts. per hr. Carpenters, 
masons, and other skilled building labor receive 90 cts. per hr. 

3a. Concrete. — The unit prices for the concrete in the foundations is made up 
by first ascertaining the amount of material and labor necessary to make one cubic yard of con* 
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jrete mixed in the proportion of 1-3—6. Experience has shown that to estimate the quantity 
cement, sand, and crushed stone from tables set forth in text books would result in a shortage 
3 f materials, as allowance for a certain amount of waste must be made. It will be noted that 
n working out the amounts of material in the following calculation, proper allowance has been 
[Tiade for this waste. 

Concrete — per cubic yard (1-3-6 mix) 

Cement iKo bbl. at 2.77. . . 

Sand cu. yd. at 1,95 

Cr. stone l^o tons at 2.75 

Plant 

Labor, mixing, and placing . 

Total cost per cu. yd. . .... . . . . $11 46 

(Use $11.50 for unit price.) 

The price of cement is obtained from the cement dealers ($2.84 per bbl. f.o.b. cars job). 
In this price is an allowance for 4 cement bags which if returned to the dealer in good condition 
would be credited at 10c. each or 40c. per bbl. A cash discount of 5c. per bbl. is also allowed if 
payments are promptly made. Taking advantage of both these credits (4ScJ the net cost of 
the cement becomes $2.39 per bbl. Unloading and storing the cement in a cement shed costs 
usually 25c. per bbl. Tests must be made by a Cement Testing Bureau to ascertain the quality 
of the cement, for which an average charge of 3c. per bbl. is made. The loss of credits due to 
injury to bags in transit, and to the cost of freight on returned bags amounts to about 10c. per 
bbl. of cement purchased. Allowance being made for the above charges, the price of cement 
becomes $2.77 per bbl. and it is this figure which is used in working out the cost of concrete. 
The following calculation shows how this price is determined. 


$ 3.05 
0 98 
3 58 
2 10 
1.75 


Cement — Dealer’s quotation, f.o.b. cars job $2.84 


Credit for bags 0 .40 

Cash discount 0 05 0.45 


Unloading and storing cement. . 
Testing cement .... 

Ijoss and freight on empty bags 
Total cost per bbl 


$2.39 
0.25 
0 03 
0.10 
$2 77 


Sand — Dealer’s quotation, f.o.b. cars job 

Unload and handle into bins 

Total cost per cu. yd • • < • 


$1.75 

0.20 

$1.95 


Crushed stone, f.o.b. cars job 

Unload and handle into bins . . 
Total coat per ton 


$2.50 
0 25 
$2.75 


As a certain amount of machinery, chutes, runways, towers, etc., are required in the process 
of placing concrete, an allowance must be made in the unit price for the labor of erecting and 
dismantling this '‘plant work’' as it is commonly called, and also allowance must be made for 
plant material purchased or rented for the duration of the job. This item varies with the size 
and type of the job and it may run as low as $1 per cu. yd. and in especially difficult jobs would 
cost $3 or more per cu. yd. of concrete placed. A plant cost of $2.10 per cu. yd. has been in- 
cluded in the unit price of the concrete estimated herein, and the subdivisions of this cost are 
listed on. p. 1112: * 

The average labor cost of mixing and placing concrete in a reinforced concrete building with 
common labor at 50c. per hr. is about $1.75 per cu. yd. when modem plant equipment is used 
on the job. A saving of 25c. on the labor cost and 25c. on the plant cost per cu. yd. is usually 
made in plocmg paving concrete, making the unit for this class of work, 50o. less than for other 
concrete work of a similar mix. 
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Plant Post per ruble yard of concrete 

'rowers . . . ... .... 

Temporary bldgs 

Bins for aggregate. . . 

Mixer and motor 

Canvas and chutes 

Runways, staging and small tools . 

Fuel, power and water 

Labor . . , . .... • 0 67 Material and rentals 1 43 

Total per cu yd. . . $2 10. 

The unit price of concrete mixed in the proportions of 1--2-4 and 1—1 3^—3 is made up in a 
similar way. No change is made in the quantity of sand, crushed stone, labor, and plant. The 
cement quantity alone is changed. The computation for 1—2—4 and 1 — 1 3^-3 concrete follows: 

Concrete — per cubic yard (1-2-4 mix) 

Cement 1% bbl. at 2 77 

Sand, I 2 cu. yd. at 1.95. . . . 

0 tons of crushed stone at 2.75 

Plant 

Labor, mixing, and placing 


$13 03 

(Use $13 for the unit price.) 

$ 5 54 

... . 0.98 

3.58 

2 10 

1 75 

Total cost per cu. yd . ... $13 95 

(Use $14 for unit price.) 

The unit price of concrete window sills of about standard size usually runs around 72c. per 
lineal foot including concrete, forms, reinforcement, and finish. The price of 72c. per lin. ft. 
is made up as follows : 


Concrete at 50c. per cu. ft $0 .27H 

Formwork at 25c. per sq. ft. . . . 0 25 

Reinforcement at 0.05c. per lb 0 07>2 

Carborundum rubbing (outside) 0.12 

Total cost per Im. ft $0 72 


The cost of constructing reinforced concrete stairs using rates of labor and materials as 
previously noted, is about $1.50 per lin. ft. of nosing. Landings will cost about 75c. per sq. ft. 
These unit prices include all concrete, forms, reinforcement and cement finish necessary to 
complete the stairway. No safety treads or hand rails are included. 

Granolithic finish 1 in. thick laid after the slab concrete has set will cost about 11c. per sq. 
ft. for material and labor. The unit price is made up as follows : 


l-in. granolithic finish laid after — per 1000 sq. ft. 

Cement, 12)^ bbl. at 2.77 $ 34 .63 

Pea stone, 4 tons at 3,00 : ... . $ 12.00 

Labor to pick and clean floor preparatory to laying finish, mix and lay grano. finish 

including plant costs and protect while drying 05 00 


Total cost per cu. yd 

Concrete — per cubic yard mix). 

Cement, 2 bbl. at 2.77. . . 

Sand cy, at 1.95 

Cr. stone iKo tons at 2 7o 

Plant .... 

Labor, mixing, and placing 


$ 4 .62 

0 98 
3.58 
2 10 

1 75 



Total cost per 1000 sq. ft 

No'i'e: No sand required in granolithic finish. 


$111.03 

(Use lie. per sq. ft. for unit price.) 


If the granolithic finish is laid before the concrete in the slab has become thoroughly dried- 
out, the finish is called an integral finish. In estimating a finish of this kind, since the thick 
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ness of the granolithic finish is included in the slab concrete quantities, the unit price should 
contain only the labor cost of the cement finishers’ time and the cost of the extra cement used 
in the top part of the slab which forms the finish, and the increased cost of using pea stone in- 
stead of ordinary crushed stone. The unit price for integral granolithic finish is made up as 
follows r 

l-in. granolithic finish — laid integral — per 1000 sq. ft. 


Extra cement, 10 bbl. at 2.77. . . ^27 70 

Labor, finisher’s time 30 00 

Extra cost of pea stone, 4 tons at $3.00 12.00 


Total cost per 1000 sq. ft $69.70 


(Use 7 cts. per sq. ft. for unit price.) 

The unit of cinder concrete crickets placed on the roof to form proper slope to downspouts 
has been worked out in detail as follows: 


Cinder concrete — per cubic yard. 

Cement, 1 bbl. at 2.77 $2 77 

Cinders, 1 cu. yd 1 50 

Plant costs 2 50 

Labor — mix and place to slope 2 25 

Total cost per cu. yd $9 02 


(Use $9 for unit price.) 

The cost of finishing concrete surfaces with carborundum stone and cement varies greatly 
with different contractors. A good finish may be obtained by going over the surface of the 
concrete twice at a total cost of about per sq. ft. of surface treated. The unit price is 
made up as follows : 

Carborundum rubbing — 2 coats — per 1000 sq. ft. 


Labor, 1st rub 40.00 

Labor, 2d rub 30.00 

Cement used ^2 bbl. at 2.77 1 38 


Total cost per 1000 sq. ft 71 38 


(Use 7^io. per sq. ft. for unit price.) 

36. Forms. — In working out a unit price for formwork it is very important to 
know how many times the forms can be used without remaking. If it is possible to use the 
forms twice, one-half the cost of the lumber should be charged against the unit for each use. If 
the forms are used three times a lumber charge of one-third the cost of the lumber is included 
in the unit price and so on. The cost of erection and stripping the formwork remains uniform 
for each use but some saving is made on making when the forms are used more than once. In 
forming one square foot of concrete surface, about 3 board feet of lumber are used in building 
the formwork. Hence, if the forms are used but once the material charge in the unit price will 
be the cost of 3 board feet of lumber. If the formwork is used twice it will be necessary to make 
a material charge of only board feet of lumber and so on. Some salvage of the lumber is 
usually made at the completion of the job; however, where the formwork is very complicated, 
the lumber is practically ruined and no salvage is realized. Ordinarily a saving of about 15 % 
of the cost of the lumber is realized at the close of the job. A certain amount of machinery 
is required with which the formwork is constructed on the job, consisting principally of a saw 
mill and motor, small tools, nails, etc. This is the “plant cost” and seldom amounts 
to more than Ic. per sq. ft. of concrete surface formed. The labor involved in making, erecting, 
and stripping the formwork varies with the complexity of the work but seldom costs less than 
7c. or more than 15c. per sq. ft. of concrete surface formed. The cost of the labor of forming a 
concrete cornice or other similar work will cost much more than this maximum. 

The unit costs for formwork given below have been worked out with lumber at S60 per 
M, f.o.b. cars at the job. Adding to this $2.50 per M to cover the cost of unloading and handl- 
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ing the lumber at the job, the price becomes S62.50 per M. The building will probably require 
a set of forms for one complete story, and with a small amount of remaking these forms may be 
used for forming the second or top story. This having been decided upon, it follows that the 
unit price should contain a material charge equal to the cost of board feet of lumber. This 
material charge is maintained throughout the unit prices for formwork so long as two uses are 
reckoned on. 


The common labor is figured at 50c. and carpenters’ work at 90c. per hr. 


Footing Forms: 

Lumber board feet at $62.50 per M $0 .0938 

Deduct salvage , . 0 0150 0 078S 

Plant cost 0.0100 

Labor, make, erect, and strip 0 0800 


Total cost per sq. ft . $0.1688 

(Use 17c. for unit price) 

Foundation WaU Forms: 

The unit price for foundation wall forms may be figured similar to footing forms with the exception that the 
labor will cost about 9c. instead of 8c. per sq. ft. This change adds Ic. per sq. ft. to the unit price, making the unit 
price for foundation wall forms 18c. per sq. ft. 


Exterior Column Forms: 

Lumber IH board feet at $62.50 per M $0.0938 

Deduct salvage 0 .0150 0 .0788 

Plant costs 0 .0100 

Labor, make, erect, and strip 0.1175 


Total cost per sq. ft 

Bracket Forms: 

Lumber, IH board feet at $62.50 per M 
(no salvage allowed) 

Plant 

Labor, make, erect, and strip 


$0.2063 

(Use 20Mc. for unit price.) 

$0 0938 

0.0100 

0.2350 


Total cost per sq. ft $0 .3388 

. (Use 33Hc. for unit price.) 

Interior Column Forms — {round steel): 

Rental of steel column forms each $15 .00 

Labor, erect, strip, and handle 6 00 


Total unit cost each $20.00 

Flat Slab Floor and Rooj Forms: 

Lumber, IM board feet at $02.50 per M $0 .0938 

Deduct salvage 0 .0150 0 .0788 

Plant 0.0100 

Labor, make, erect, and strip 0 .0775 


Total cost per sq. ft $0 .1663 

(Use 16Hc- for unit price.) 

Drop Panel Forms: 

Lumber, IH board feet at $62.50 per M $0.0938 

(no salvage allowed) 

Plant 0.0100 

Labor, make, erect, and strip 0.1075 


Total cost per sq. ft $0 2113 

(Use 2lo. for unit price.) 

WaU Beam Forms: 

Lumber, board feet at $62.50 per M $0 .0938 

Deduct salvage 0 .0150 0 .0788 

Plant 0.0100 

Labor, make, erect, and atrip 0 .0975 


$0.1863 

(Use 18>^c. for unit price.) 


Total cost per sq. ft. 
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Floor Beam Forms: 

The unit cost of floor beam forms works out quite closely to the cost of the wall beam forms, the only difference 
being an increase of about >2 0 per sq. ft. in the labor charge. This increase makes it necessary to use 19c. as a unit 
price for floor beam forms. Should the floor be what is known as a beam and slab type of floor, the average labor 
cost of making, erecting, and stripping the forms, measuring beams and slab together will be about per sq. ft. 
This would make the cost of beam and slab floor forms about 173-^0 per sq. ft. if the forms are used twice. 

partition Forms: 

Lumber, 13^^ board feet at $62.50 per M . $0 0938 

Deduct salvage 0 0150 0 0788 

Plant 0.0100 

Labor, make, erect, and strip 0 1375 


Total cost per sq. ft $0 2263 

(Use 22Kc. for unit price.) 

3c. Reinforcement,— The labor of cutting, bendingj and placing reinforcement 
will cost from $8 to S20 per ton depending upon the size of the bar, the amount of bending 
required, and the position in which the bars must be finally placed. In the average concrete 
building, it is safe to assume that a flat rate of S14 per ton will cut, bend, and place the rein- 
forcement in the building. The unit price of 434c. per lb. is made up as follows: 


Reinforcement f.o.b. cars job, per ton 00 

Unload and pile on job 3 00 

Cut, bend, and place including wire, etc 14 00 


Total cost per ton $85 00 


(Use per lb. for unit price.) 

3d, Conclusion, — The method of arriving at the unit costs of fche principal 
parts of a reinforced concrete building have been briefly outlined in the previous paragraphs. 
With the aid of this information and by ascertaining the costs of material used in concrete 
construction, it is possible to make estimates of reinforced concrete buildings which should 
represent quite closely the final cost if the work is expeditiously performed. Space does not 
permit the compilation of the vast volume of matter necessary to cover the subject of unit 
prices thoroughly. Enough information has been given, however, to enable the structural 
engineer to estimate for himself the probable cost of the structure he has designed and the 
builder not familar with reinforced concrete construction may be able to make some use of 
the subject matter on these pages. 



SECTION 3 

ARCHITECTURAL PRACTICE 

By Arthur Peabody 

1. Architects’ Rates for Service. — The architects’ commissions will be computed on the 
percentages recommended by the American Institute of Architects. These will vary with the 
nature of the work, whether large or small, and Avh ether the amount of service is to be partial 
or complete. Rates for remodelling and for monumental or decorative work will be different 
from the regular rate. The recommended rates for ordinary examples of the above are here 
given. Reprinted from the Standard Documents by permission of the American Institute 
of Architects.”) 

1. The Architect’s professional services consist of the necessary conferences, the preparation of preliminary 
studies, working drawings, specifications, large scale and full size detail drawings; the drafting of forms of proposals 
and contracts; the issuance of certificates of payment; the keeping of accounts, the general administration of the 
business and supervision of the work, for which, except as hereinafter mentioned, the minimum charge, based upon 
the total cost of the work complete, is 6 %. 

2. On residential work, alterations to existing buildings, monuments, furniture, decorative and cabinet work 
and landscape architecture, it is proper to make a higher charge than above indicated. 

3. The Architect is entitled to compensation for articles purchased under his direction, even though not 
designed by him. 

4. Where the Architect is not otherwise retained, consultation fees for professional advice are to be paid in 
proportion to the importance of the question involved and services rendered. 

5. The Architect is to be reimbursed the costs of transportation and living incurred by him and his assistants 
while traveling in discharge of duties connected with the work, and the costs of the services of heating, ventilating, 
mechanical, and electrical engineers. 

6. The rate of percentage arising from Art. 1 and 2 hereof, f.e., the basic rate, applies when all of the work is 
let under one contract. Should the Owner determine to have certain portions of the work executed under separate 
eontracts, as the Architect’s burden of service, expense and responsibility is thereby increased, the rate in connection 
with such portions of the work is greater (usually by 4 %) than the basic rate. Should the owner determine to have 
substantially the entire work executed under separate contracts, then such higher rate applies to the entire work. 
In any event, however, the basic rate, without increase, applies to contracts for any portions of the work on which 
the Owner reimburses the engineer’s fees to the Architect. 

7. If, after a definite scheme has been approved, the Owner makes a decision which, ^ for its proper execution, 
invojves extra services and expense for changes in or additions to the drawings, specifications or other documents; 
or if a contract be let by cost of labor and materials plus a percentage or fixed sum; or if the Architect be put to 
labor or expense by delays caused by the Owner or a contractor, or by the delinquency or insolvency of either, or as a 
result of damage by fire, he is to be equitably paid for such extra service and expense. 

8. Should the execution of any work designed or specified by the Architect or any part of such work be aban- 
doned or suspended, the Architect is to be paid in accordance with or in proportion to the terms of Art. 9 of this 
Schedule for the service rendered on account of it, up to the time of such abandonment or suspension. 

9. Whether the work be executed or whether its execution be suspended or abandoned in part or whole, pay- 
ments to the Architect on his fee are subject to the provisions of Art. 7 and S, made as follows: 

Upon completion of the preliminary studies, a sum equal to 20 % of the basic rate computed upon a reasonable 
estimated cost. 

Upon completion of specifications and general working drawings (exclusive of details) a sum sufficient to in- 
crease payments on the fee to 60 % of the rate or rates of commission agreed upon, as influenced by Art. 6, compu- 
ted upon a reasonable cost estimated on such completed specifications and drawings, or if bids have been received, 
then computed upon the lowest bona fide bid or bids. 

From time to time during the execution of work and in proportion to the amount of service rendered by the 
Architect, payments are made until the aggregate of all payments made on account of the fee under this Article 
reaches a sum equal to the rate or rates of commission agreed upon as influenced by Art. 6, computed upon the 
final cost of the work. 

Payments to the Architect, other than those on his fee, fall due from time to time as his work is done or as costs 
are incurred. 

No deduction is made from the Architect’s fee on account of penalty, liquidated damages or other sums with- 
held from payments to contractors. 

10. The Owner is to furnish the Architect with a complete and accurate survey of the building site, giving the 
grades and lines of streets, pavements and adjoining properties; the rights, restrictions, easements, boundaries and 
contours of the building site, and full information as to sewer, water, gas and electrical service. The Owner is to 
pay for borings or test pits and for chemical, mechanical or other tests, when required. 

11. The Architect endeavors to guard the Owner against defects and deficiencies in the work of contractors, 
but does not guarantee the performance of their contracts. The supervision of an architect is to bo distinguished 
from the continuous personal superintendence to be obtained by the employment of a clerk of the works. 
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When authorized by the Owner, a clerk of the works, acceptable to both Owner and Architect, is to be engaged 
by the Architect at a salary satisfactory to the Owmer and paid by the Owner, upon presentation of the Architect’s 
monthly certificates. 

12. When requested to do so, the Architect makes or procures preliminary estimates on the cost of the work and 
he endeavors to keep the actual cost of the work as low as may be consistent with the purpose of the building and 
with proper workmanship and material, but no such estimate can be regarded as other than an approximation. 

13. Drawings and specifications, as instruments of service, are the property of the Architect, whether the work 
for which they are made be executed or not. 

Note . — The words “the cost of the work,” as used in Art. 1 and 9 hereof, are ordinarily to be interpreted as 
meaning the total of the contract sums incurred for the execution of the work, not including Architect’s and En- 
gineer’s fees or the salary of the clerk of the works, but in certain rare cases, e. g., when labor or material is fur- 
nished by the Owner below its market cost or w'hen old materials are re-used, the cost of the work is to be inter- 
preted as the cost of all materials and labor necessary to complete the work, as such cost would have been if all 
materials had been new and if all labor had been fully paid at market prices current when the work was ordered, 
plus contractor’s profits and expenses. 

2. Employment of Architects. — An architect may be employed in various ways, as on a 
commission basis or on a salary. He may furnish plans and specifications only, or be em- 
ployed also to superintend the work. In some states the lien law protects the architect; 
in others it does not. The architect should ascertain exactly what person, corporation, or 
authority has the power to employ him and, in every case, obtain a written contract for serv- 
ices. The contract should describe accurately what the architect is to do, and what com- 
pensation shall be paid. The enumeration of his duties in minute detail will not be necessary 
but no uncertainty should exist as to the limit of his employment, whether it be for pre- 
liminary sketches, for the general design, for working drawings, specifications and details, of 
for superintendence. Provision should be made for a proper settlement in the case of failure 
of the enterprise fco start, or to proceed to completion, and for his release if necessary before 
the completion of the work. The terms of payment must be stated. The contract must be 
such as will stand in law. Verbal contracts unsupported by witnesses are of no force. The 
following will be sufficient for small work. For important undertakings the Standard Con- 
tract of the A. I. A. should be used. 


Short Contract for Architectural Service 


19. . 


(Place and date) 

Article I. This contract certifies that Architects, 

hereby agree to furnish the design, working drawings and specifications, and to superintend the construction of 
for owner. 

(Insert the Building or Work to be Done) 

Article II owner, hereby agrees to pay to the architects for the 

above work a sum of money equal to per cent, of the entire cost of the above building or work. 

Article III. Payments shall become due to the architect as follows: 


Upon completion of the design ! 20% of the whole. 

Upon completion of the working plans and specifications 40% of the whole. 

For the entire superintendence 40% of the whole. 


Article IV, The original design, and the plans and specifications shall remain in the custody of the architect, 
but neither he nor the owner shall use them or copies of them except for the construction of this building or work. 

Article V. The architect and the owner for themselves, their heirs, successors, executors, administrators and 
assigns, hereby agree to the covenants herein contained. In witness whereof they have set their hands and seals 
the day and year first above written. 


Signature of Architects 


Signature of Owner 

3. Contracts for Building. — For large enterprises, involving employment by public bodies 
such as a Board of Trustees, or a building commission, the standard documents of the American 
Institute of Architects are advisable. These documents cover the conduct of competitions, the 
employment of architects, building contracts and other matters in connection. The Standard 
Form of Contract for building will require minor modifications for use in public work, to comply 
with various state laws. The Engineering Department of the State of Wisconsin mukes use of 
a modified form of the standard contract and bond for import, ant work. Some states require a 
contract and l)ond for small work as well. A short form of contract and bond has been adopted 
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in Wisconsin for all contracts for labor and material in sums of SlOO or more. The contract 
and bond occupy one side of a letter sheet. 


STATE OF WISCONSIN 
SHORT CONTRACT AND BOND 


(Here insert name of institution) 

(Date) 

Article 1 . . . ... 

(Here insert name of contractor) 

of . 

the first party, hereby agrees to furnish a satisfactory bond and 
to . . ... 


The first party hereby agrees to complete the same on or before 


Article 2. The 

(Here insert legal title of board) 

the second party hereby agrees to pay the first party for the per- 
formance of this contract the sum of 

dollars within days after the completion of the 

contract. Partial payments will be made up to 85 % of esti- 
mated values, previous to such completion. 

Article 3. No laborer, workman or mechanic of the con- 
tractor, subcontractor, agent or other person shall, in the per- 
formance of this contract, work or be permitted or directed to 
work more than eight hours in any one calendar day, except in 
cases of extraordinary emergencies, as provided in section 1729m, 
of the statutes. 

The first party hereby agrees to maintain liability insurance 
sufficient to protect the second party and State against all claims 
for damage or injury to persons employed upon this work and 
shall save the second party harmless against all claims for royal- 
ties on or infringements of patents on materials of appliances 
used. 

The specifications, plans or diagrams furnished herewith 
shall constitute part of this agreement the same as if hereto at- 
tached. 

Article 4. The parties for themselves, their heirs, success- 
ors, executors, administrators, and assigns, hereby agree to the 
covenants herein contained. In witness whereof they have set 
their hands and seals the day and year first above written. 


(Signature of first party) 


This form to be used for items coming 
under Chapter 38S, Laws of 1917. 

Requisition No 

Division ... 

Class and Fund ... . ... 


BOND 

We 

(Name of first party, principal) 

and we, 

(Name of surety) 

are hereby held and firmly bound unto the 
second party to the accompanying contract 

in the sum of . . . dollars 

(Contract amount) 

for the payment whereof the first party, prin- 
cipal and the surety bind themselves, their 
heirs, successors, administrators and assigns 
j ointly and severally by these presents. 

The condition of this obligation is that if 
the first party shall faithfully perform the 
said contract and satisfy all claims and de- 
mands incurred for the same and shall protect 
the second party and the State of Wisconsin 
against all liability, injury, or damage caused 
by the act or omission of the said first party, 
his agents or employees, then this obligation 
shall be null and void. Provided that altera- 
tions made in the terms of the contract, or 
any forbearance on the part of the first or 
second party thereto shall not release the 
principal or the surety from their liability 
hereunder, notice to the surety of any such 
alteration or forbearance being hereby waived. 

Signed and sealed this day of 

19 


(Signature of first party, principal) 


(Signature of surety) 

This certifies that I have been duly 
licensed as agent for the above company in 

Wisconsin under license No for the 

year 19 . ., and appointed as attorney in laet 
w'ith authority to execute coritrnet bonds 
with a minimum of $100 and a maximum of 

$ which power of attorney has not 

been revoked. 


(Signature of second party) (Agent) 

The foregoing contract and bond to the amount of $ 

are hereby approved, the same day and year as first above written. 


(State Chief Engineer) 
(Governor of Wisconsin) 
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4. Schedule of Building Costs. — In the usual case, the architect is engaged to design a 
building to meet a certain expenditure. This amount should be looked upon as the total of 
funds available. To bring the matter clearly before the owner a schedule of estimated costs 
is usually made. This will cover 

Architect’s commission 

Expense for travel, etc 

Cost of survey and other engineering work 

The principal contract 

Subordinate contracts 

Estimated amount for extras 

Cost of connection to supplies for gas, w'ater, sewer, electric current, heat 

and power 

Costs incidental to construction such as temporary heat, power and light 

Fire insurance 

Fire protection, safety provisions 
Contingent balance 

By tHs the architect and owner will be able to know what is meant by the entire cost. Where the funds 
cannot be exceeded under any circumstances, the schedule is imperative, in order to proceed with safety. In some 
cases there must be added amounts for land improvement, including clearing, grading, draining, planting, drives, 
walks and enclosures, together with main sewers and water lines, railway sidings, walls, tunnels, conduits and electric 
pole lines. 

6. Financing of a Building Project.— The extent to which an architect maps out a building 
project will depend on conditions. The complete program will begin at the conception of the 
enterprise and end with the occupation or disposal of the completed work. Where the client 
has no other adviser, the architect may be consulted upon the probability of its financial success, 
the amount of funds obtainable by first and second mortgages, stock, bonds and other resources. 

A loan of about 50 % of the value of the land and completed building may be ob- 
tained usually for building purposes. This is secured by the first mortgage. Deferred payments 
on the land are covered by a second mortgage. The second mortgage will be held by the original 
owner of the land,and will become due before the first. Real estate companies sometimes accept 
such for a certain portion of the land value. A more complicated condition is where the second 
mortgage is used as security for the preferred stock of a project, while the title or ownership is 
represented by the common stock. Beside this there may be an issue of bonds of one or more 
kinds. 

The burden of financing a project may include cost of promotion, brokerage commissions, discounts on bonds 
and preferred stock, etc*. The following table indicates what might be a fair approximation to the several items, 


taking the completed work at 100 %. The financial statement will cover 

Cost of land, including all charges necessary to securing the title, estimated 25 % 

Cost of building including also fees to architects, engineers, permits, etc., and other inci- 
dentals, estimated 55% 

Discounts on bonds, estimated 3% 

Discounts on preferred stock, estimated 6 % 

Interest on bonds during construction period, estimated 3% 

Dividends on preferred stock durfng construction period, estimated 3% 

Taxes and insurance during construction period, estimated M % 

Pees and incidentals, estimated J-i % 

Cost of promotion, estimated 4 % 

100 % 


The several items would vary somewhat with conditions. A prospective increase in land value may be antici- 
pated, but this would not affect the computation of actual cost. It may have an effect on the per cent, of loan 
obtainable by the first mortgage, and might make a readier sale of preferred stock which is sometimes hard to place. 
The common stock is sometimes used as part payment of the architect, contractor and others interested. The 
control of the business is held by the common stock, which participates also in the earnings from operation crin 
profits from sale. In some examples the cost of operation will amount to 40% of the gross income, leaving 60% 
to meet fixed charges such as interest, sinking fund, etc., and to be paid on the common stock. 
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CONTRACTS 

By Daniel J. Hauer 

During the past decade the advance in building construction has been both rapid and 
marked, and the work is becoming decidedly that of specialists, so that those engaged in this 
class of construction must be trained and educated in many lines of construction. Buildings 
are not only covering large areas but are also being constructed to great heights, and many 
smaller structures are being built in such great numbers as to call for expert management and 
mass production. 

Plans and drawings are necessary for such buildings, but they amount to but little in obtaining the desired 
structure if the proper contract is not made and explanatory and definite specifications are not drawn up to govern 
the work of construction. The contract is as essential as the money to pay for building, while the specifications 
are supplemental to the contract and maintain the standard and quality of the construction. 

1. Builders. — Most structures are erected under a contract made between the owner and 
a contractor, who is called the builder. The term contractor is being confined in its use more 
and more to those carrying on engineering construction, while the term builder is being used 
for those contracting for architectural construction. Some builders still call themselves con- 
tractor and builder,” but this is gradually being confined to those who do both engineering and 
architectural construction. In many cases, the builder has but little business dealings with 
the owner, as the architect of the structure acts for the owner, supervising the structure as 
well as furnishing the plans and specifications and in every way being in full charge of the 
construction. Some architects employ a superintendent of construction and keep him upon 
the work to represent them at all times; there may also be inspectors of the architect and the 
owner. A builder may be an individual, a firm, or a corporation. Corporations doing business 
in other than their own states must know the laws governing foreign corporations in states 
they may enter and conform to them; otherwise, heavy fines may be imposed upon them, thus 
eating up profits that might otherwise accrue. 

2. The Owner. — If the owner is a government, then some legally constituted board, com- 
mission, or governing body or official makes the contract with the builder. The contract to 
be legal must be according to the charter of the governing body, as a city or town, and must 
conform to the statutes and ordinances or acts governing the proposals for contracts and their 
making. Such a contract made by a builder that does not conform to law is illegal, and he 
cannot recover for work done, especially if a tax payer brings an action to prevent payments 
being made. A builder should, therefore, have the advice of a lawyer in making such contracts 
as well as knowing the modus operandi of public contracts. , 

The actual owner may not be known to the builder, for the former may act through an 
agent, as a real estate operator, a financial corporation, a land-holding company, an attorney 
or trustee; or the architect may act as agent. This shows the need of the builder being assured 
of his money being paid for work done as per the provisions of the contract. He must make 
the proper investigations himself and through his banks and attorney before he signs the con- 
tract and must have assurance that he is to be paid. It is too late to go into such matters after 
the contract is executed and construction started. Likewise, the owner should make the proper 
investigations of the builder before the contract is awarded. 

The owner may be a large real estate operator and developer and may he his own builder. 
Then he does the work himself, making contracts only with subcontractors and material men, 
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or else he may have two corporations of his own, one a real estate company and the other a 
building company, and a contract is then drawn up between these two organizations. In New 
York and other large cities, many real estate operators carry on business in this manner and 
erect office buildings and apartments. Their structures are financed, in part, by corporations 
that sell mortgage bonds to the pubHc, and thus a contract is made governing the advancing of 
such money between the owner and builder and the bond-selling company. Some title com- 
panies and other financial corporations advance money to owners in this way, and builders 
should know of these contracts that affect his "work. Money is frequently advanced upon the 
cheaper classes of dwellings in this manner, actual payments being made at certain stages of 
construction, as when the first-floor joists are placed, when brick walls are completed, and so 
on throughout the life of the job. The builder, knowing these facts, can make arrangements in 
his contract to collect accordingly. 

The owmer may be a governmental body, a corporation, a firm, or an individual. 

3. The Architect. — If the architect is employed by the owner only to draw the plans and 
specifications for a building, then the contract is made with the owner directly, and the builder 
will have nothing to do in the way of business with the architect — in fact, the latter may be 
unknowm to the builder — but if the architect, as is the general rule for structures of any great 
cost, is likewise employed for supervision by the owner, then he becomes the agent of the owner 
and may act for him in every way, even to making and signing the contract, though, in most 
cases, the owner signs the contract with the builder, this being the safer course for the builder. 
The contract should set forth the duties and powers of the architect, but if this is omitted, then 
the architect will have such powders and duties as are customary in that section of the country 
and more specifically set forth in the ethics of the local association of architects and the Ameri- 
can Institute of Architects. 

The architect furnishes all plana and drawings, except such working drawings and plan specified to be furnished 
under the provisions of the contract, by the builder, his subcontractors, and material men. He alone can authorize 
and sanction changes either in the plans or in the specifications, and no one has authority to order supplemental or 
extra work done save the architect. He is supreme, save that he cannot usurp, even if the contract provides for it, 
the functions of a court at law. 

Payments according to the contract are made upon his certificate, and supplemental agreements as to additional 
work and prices are made through or by him. All bills for extras are audited and checked by him and must bear his 
approval to be paid, unless the forms of contract to be given later provide for other auditing and approval. There 
are many forms of contracts under which building work is done. Subcontracts can be made only with the approval 
of the architects, and this is generally specific in the contract, as being approved in writing, but in many cases this 
clause is more honored in the breach than in the observance. 

4. The Engineer. — Occasionally, some large industrial corporation does not employ an 
architect but has its buildings planned and erected by its engineer. In such cases, the engineer 
takes over the duties and powers of the architect, but more economical results are obtained by 
employing both an architect and an engineer and coordinating their work. This practice is 
replacing the old one of simply having an engineer. The contract must then set forth who is in 
charge, the architect or the engineer. 

For most large buildings, there are generally employed a number of engineers to assist the architect. Thus, 
there may be an engineer for foundations, for structural steel or concrete, heating, lighting, ventilation, and other 
purposes, or one engineer may cover in his work several of these items. Many large firms of architects now employ 
engineers on their personal staff to do this work, but in most buildings these various items, including plumbing, 
are turned over to so-called consulting engineers, and these are paid, in most cases, by the owner; they make up the 
plans and specifications for their own particular lines of work from schedules and general layout plans furnished by 
the architect. 

Such engineers supervise and pass upon the work of builders or subcontractors who come under their jurisdic- 
tion, but the architect must approve their work as well as the construction done. Decisions are made by these 
engineers, but in cases of disputes and changes, the architect’s decision is final, and the engineers must, like the 
builder or his subcontractor, be guided by him. The contract should cover such matters in an explicit manner. 

6. Day Labor versus Coutracting. — When construction is carried on by day labor, instead of 
having it done by contract, the owner, either directly or through his architect, employs a super- 
intendent of construction, engages mechanics, artisans, and laborers through him; purchases 
tools, machinery, and materials; and with his own forces, paid by daily wages, builds the struc- 
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ture. This is supposed to eliminate the contractor’s profit or fee. This would seem to be 
the ideal method, as all chance of disputes with the contractor or builder over contractural 
rights, specifications, changes in plans and quantities, and quality of work is prevented. The 
owner, through his architect, is at all times supreme. 

The reverse of this generally happens. Expensive machines and many tools may have to be purchased, and 
later, when these are sold at the completion of the work, the loss sustained may more than equal the builder’s 
profit, as the latter charges only a reasonable plant expense or depreciation, the machines and tools having a value 
to him for future jobs. Money is not always saved by renting costly machines instead of purchasing, as it is cus- 
tomary to make such a per diem charge, so that money received for a year’s rental will equal the cost of the machine, 
and the renter must maintain the machine during the rental period. In j,ddition to this, mechanics, laborers, and 
others, including the superintendent, not having any money interest in the job or even future employment at stake, 
are likely to do indifferent work; the job will drag; and the cost will be greatly increased over the work done by the 
same men when employed by a builder. This individual’s living and profits must be made by saving materials and 
obtaining efficient work from his employees. His money is at stake as well as the owner s; therefore, the greater the 
saving effected by the builder the larger his profit. In purchasing materials and making subcontracts, a builder is 
likely to save money over an owner, as he knows where and when to buy and how to handle and keep subcontractors 
busy, which is an incentive to them to bid low upon his jobs. The savings accrue not to the builder but to the 
owner, as the builder obtains these low prices and figures before bidding and bases his proposals upon such estimates. 

Thus, building construction performed by a contractor has proved to be cheaper (save in exceptional cases) 
than that done by the day-labor method. Then, too, the builder maintains a year-round organization of trained 
mechanics and thus can do a better grade of work than that accomplished by day-labor forces, which must be 
recruited by men out of employment. The architects and his assistants pass upon the quality of the materials and 
see to it that the builder does everything in a workmanlike manner and follows the specifications, condemning all 
poor work and, if necessary, compelling such construction to be done over. With day-labor forces, the specifica- 
tions are frequently ignored, and poor work is covered up and skimmed over to prevent the owner from finding fault, 
or advantage is taken of his ignorance regarding construction. 

The day-labor method thus leads to extravagance, prolongation of the work in order to hold positions, poor 
workmanship, negligence, and, at times, downright dishonesty, thus giving an indifferent quality of construction. 
The contract method means quickly finished jobs, as it is to the builder’s interest to rush his work; the specifications 
are followed, resulting in first-class work, money being saved to the owner. ' 

6. Public and Private Contracts. — Contracts made with a national government, a province, 
state, county, city, town, or village are known as public contracts. Bonds are demanded on 
such contracts, and the contractor and his bondsmen are compelled to complete a job no matter 
what pecuniary loss they may sustain. No one under the law has the right to change the 
contract clauses or the specifications, which must be lived up to by the contractor. The worst 
possible features of the work may be forced upon him at any time. For these reasons, work 
done under public contracts can seldom be performed so cheaply as that under private contract. 

Private contracts are those made with corporations (other than public ones), firms, and individuals. Bond 
may have to be given for such contracts, but the owner can recover only by suing the contractor and his bondsman. 
‘The architect can change the contract and specifications by agreement with the contractor, as nothing is as binding 
as on public contracts. This makes it possible to estimate more closely on such construction and yet do as good 
work. '< 

Some contractors confine their operations to public contracts, while others take work only under private 
contracts. A third class does both kinds of construction. 

7. Laws Preliminary to Contracts. — On both public and private contracts there are laws 
and procedure that are applicable to those stages that precede the making of a contract. These 
cover oral agreements, proposals, bonds, plans, specifications, guarantees, certified checks, and 
many other details. A builder should be conversant with this procedure, and although he can 
obtain books upon such subjects, it is advisable that he retain a competent attorney to guide 
him in such matters, especially if there are any subjects upon which he may feel doubtful. 

8. Law of Contracts. — Both builders and architects should understand the law of contracts 
and the underlying principles. There are two fundamentals of all contracts. (1) The minds of 
the two parties to the contract must meet and agree upon a common understanding. This is 
done by a proposal plus an acceptance based upon the plans and specifications for a building to he 
erected upon a given site. 

This can be accomplished by either an oral or a written agreement, but in both cases there should be witnesses 
to the agreement. Oral contracts can always be disputed; written contracts cannot be so easily disputed; for this 
reason, written contracts arc preferred and have a better standing before courts of law. A man’s word may be his 
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bond, as the saying is, but his money posted or a written bond or contract is better security. (2) When a written 
contract is signed, properly witnessed, and sealed, then this supersedes all oral agreements, verbal conversations^ 
and letters that led up to the making of the contract. These things can never have any bearing upon the contract 
unless a fraud has been perpetrated, when such matters can be reviewed to iUustrate how advantage has been taken 
of one party to the contract, in order to set aside the written contract and have justice rendered between the parties. 
Books, too, are obtainable upon the law of contracts, but the safer course is to have a lawyer who is an expert 
upon building contracts. Written contracts for buildings are drawn up in many forms, and each will be con- 
sidered under its title or proper designation. 

9. Forms of Contracts. There are many forms of contracts used for building construction. 
Under most of these forms, it is first necessary for the bnilder to make a proposal to the owner 
through the architect. This proposal for some forms of contracts, especially on private work 
or for subcontracts, may take the form of a letter. When this kind of proposal is made, the 
offer must be made up with great care and worded so as not to be ambiguous^ otherwise, the 
contractor may be offering to do more work than he has estimated, and the other party, in 
accepting the proposal, may think that the contractor is offering to do the work as planned, 
thus leading to disputes. 

Under many forms of contracts and for nearly all public contracts, a proposal form is used, and to make the 
proposal formal, it must be made out on the official form and followed as actually outlined. To deviate from the 
form means to make the proposal informal. No one has the right to consider an informal proposal unless it should 
be the only proposal entered, in which case an adjustment could be made. On public work, an architect has no 
right to consider an informal proposal, because it is not a proposal based upon the contract and specifications. 
Should a contractor desire to submit an alternate proposal or have some change made in the plans to save the 
owner money, he should first submit a formal proposal and then make his alternate on a separate form or sheet 
of paper. Should his formal proposal be low or be the accepted proposal, then the contractor can have his alternate 
considered, or all proposals may be rejected and new ones made based upon the change suggested in the alternate. 
Every contractor should be careful to see that his proposals are formal before they are submitted. 

9a. Unit-price Contracts. — A unit-price form of contract is based upon the 
naming of unit prices for each kind and class or work to be done upon a building. By this 
method the exact amount of each class of work need not be definitely known if only the different 
classes and kinds of work are known. With a price set for each unit, it is then possible to carry 
on the job, paying the contractor only for the work actually done. 

The difficult feature of this method of carrying on a contract for a building is the great variety of work that 
must be done and the difficulty of obtaining unit measurements for each item. Coupled with this, architects are 
loathe to take the time and trouble to measure up and keep a record of the various units. This form of contract 
is excellent for engineering construction but is not so well adapted to architectural work. It is necessary for con- 
tractors to estimate most construction upon a unit basis even when other forms of contracts are used, but the 
general preference for contract forms has been that of lump-sum contracts. 

Unit-price contracts are still used, however, by some large corporations for building. The writer had recently 
to do with an industrial building project involving a cost of about $8,000,000 and all the work was done under 
this form of contract. One group of buildings that cost about $2,000,000 had 206 items in the contract. Of these, 
44 items overran the preliminary estimate made by the architect, 59 items listed were not used, while there were 21 
items of extra work, most of which were covered by a supplemental schedule of prices. The stacks for the boilers 
were listed as one item and sublet by the builder. The rough plumbing, the painting, and a few other classes of 
work were lump-sum items and sublet, but the builder and his subcontractor for plumbing were paid united prices 
for wash basins, toilets, and other items. The total cost of these buildings did not vary one-half of 1 % from the 
architect's estimate. It was believed that the cost under a lump-sum form of contract would have exceeded the 
cost of the unit-price contract. 

9&. Lump-sum Contracts. — Under a lump-sum contract, a price is figured by 
the contractor, who names a stated price or sum for a completed structure, according to the 
owner’s plans and specifications. Thus, the owner and his architect depend upon the price 
bid and are not bothered with units or quantities, so far as estimating costs are concerned. 

It is necessary that plans and specifications should be complete before proposals are asked, as any changes or 
alterations must be paid for as extras, or new prices must be agreed upon for the work. The contract upon this basis 
demands accurate and thorough work by the architect, the variations permissible being alternates asked for in the 
proposals. 

The lump-sum form of contract has been the most common one used for some decades in erecting buildings. 
A variation of it has been to name unit prices for some classes of work for additions and deductions. Thus, for 
concrete foundations, the plans may call for the footings to be 20 ft. below the street level. The proposals made 
may name one price per cubic yard for any concrete to take the foundations deeper and a lesser price per cubic yard 
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for any deduction in yardage if the foundation is carried to a lesser depth than 20 ft. This would likewise apply to 
the excavation. It is possible to apply this variation in form of contract to any class of work having simple units; 
hence, the form of contract becomes a combination of the lump-sum and unit prices. 

With a unit-price form of contract, the builder is not bothered by uncertain quantities of work to be done, as 
his work is measured up and paid for; but with a lump-sum contract, he must know accurately how much work is 
to be done If plans and specifications are inaccurate and indefinite, then the builder must protect himself by 
naming in the price he bids an ample amount to cover extra work which he may be called upon to do or to cover 
possible changes for which he may not be allowed extras. Thus, the owner may have to pay more than he should 
or his structure, or if the builder does not estimate enough for such inaccuracies or discrepancies, then he is the 
loser, 

9c. Cost-plus-percentage Contracts* — Due to the facts just outlined, the cost- 
plus-percentage form of contract has grown in favor during the past decade. Under it, the 
owner pays the cost of the work — that is, all materials, supplies, and labor. Upon this cost 
he pays the contractor or builder an agreed-upon percentage. Tools and machines are rented 
to the owner and figured in this cost of the structure. The percentage paid is supposed to 
cover the builder’s own services, the knowledge and organization he brings to the job, and his 
profit. 

Under this contract, every incentive is given the builder to do expensive work and run. up the cost of the 
structure, for the larger the cost the greater will be the percentage paid him. Thus, a building estimated to cost 
$100,000 will net the builder more profit if he makes it cost $125,000. Many disagreements have occurred over 
contracts under this form, due to the behef that contractors have increased their cost purposely. 

Under various forms of contracts it is still customary to pay for extra items, when a supplemental agreement 
is not made; or the contract provides for some special arrangement to pay for extra work, to pay the cost of such 
items plus a percentage. The costs consist of labor, liability insurance on labor, trucking or hauling, materials, and, 
if special machines or scaffolds are necessary and not used upon the rest of the work, a charge is made for these on a 
per diem basis. To these costs is added a percentage. Today, this is never less than 15 %t and for small organiza- 
tions this per centage may give the builder a profit, but for larger organizations the builder should receive either 20 
or 25 %, This is a matter for mutual agreement and should be incorporated in the contract. If a subcontractor 
does the extra work he should receive at least 15 % on the cost, and the builder should receive 5 % on the cost plus 
the subcontractor’s percentage. This last item is never less than 5, though under some contracts it is 15 %. Per- 
centage items always add- to the cost of the construction. 

9d Cost-plus-a-fixed-fee Contracts. — To overcome this belief and also certain 
objections outlined under unit-price and lump-sum forms of contracts, the cost-plus-a-fixed-fee 
type of agreement has grown in favor with both architects and contractors. Under it the 
owner pays all costs as in the last-named form, but, instead of pa 3 ’'ing a percentage, he pays the 
builder a fixed fee previously arranged. To arrive at this sum, a general estimate of the cost 
is made, and with this as a basis, a flat fee is agreed upon. 

No matter whether the actual cost is less or greater than the estimated cost, the contractor’s fee remains 
unchanged. Under this form of contract, the architect may not even have started his plans when the builder begins 
his excavation. ThuSf plans can be made as the work progresses, and unlimited changes can be made in either the 
plans or the specifications. The owner can purchase the materials or have the builder do so. 

Many of the objections to other forma of contracts disappear under this one. The builder’s reputation, and his 
desire to obtain other work from the owner should cause him to do economical work, unless he is working at the same 
time on jobs bas^d upon the unit-price or lump-sum form of contract. Then it is but natural for the builder to use 
his best men and machines upon the contract where he can save money and add to his profit and his poorest upon 
the contract in which his fee is fixed. 

A prominent contractor who used this form of contract, and gave it great publicity by advertising in the loading 
journals of this country and Canada, found himself in the above predicament and so decided to give up bidding 
upon unit contracts, lump-sum jobs, and work done under other forms of contract and would not undertake con- 
struction except by cost-plus-a-fixed-fee contract. This is good business — namely, to have a form of contract and 
use it only. It gives confidence to owners and architects and allows a stable business to be built up, but it precludes 
the obtaining of public contracts when the law compels bidding to be done and awards the contract to the lowest 
bidder. 

9e. Cost-plus-a-scale-of-fees Contracts. — There are two variations of the 
cost-plus-a-scale-of-fees form of contract. The prevalent one is to arrange a schedule showing 
probable costs and setting a scale of percentages or fixed fees to be paid upon the scale or sched- 
ule of costs. This was the form of contract used almost exclusively by the war department of 
the national government for the extensive program of construction carried on during the 
World War. 
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In these war contracts, the percentage or fee decreased with the amouat of the contract increasing. Thus, for 
a schedule, the fee decreased several per cent for each SIOO.OOO added to the total of the contract, until a maximum 
fee or minimum percentage was reached; then the fee remained the same even if several million dollars were added 
to the total of the contract. The greater part of the overhead was paid by the war department, and rental was paid 
for all machines and even for of&ce fixtures, as typewriters, adding machines, etc. Office furniture was bought 
by the government, as "were also small tools, so that, although the percentages or fees paid were small and the 
maximum fee was not large as compared to some contracts, $250,000 being tbe maximum fee, while some contracts 
amounted to more than $10,000,000 (2.5 % and less), yet the contractor or builder was able to make some profit. 

A second variation of the cost-plus-a-scale-of-fees form of contract is that for which a fixed fee is set for an 
estimated amount of work, and then a rising scale agreed upon for each $1,000, $10,000, or $100,000 saved over this 
estimated cost and declining scale for each $1,000, $10,000, or $100,000 expended over the estimated cost, naming, 
however, a minimum fee that is assured to the contractor. 

With this form of contract the builder is penalized for running up costs, whether he is at fault or not, while he 
earns a premium by saving the owner money over that of his architect’s estimate. The greatest difliculty is in 
arriving at an estimated coat of the work. This can be done by the owner’s architect and the contractor’s agreeing 
upon an estimated cost. If these two cannot agree, they refer it to an arbitrator or board of arbitrators. If changes 
are made or extra work added, new estimates are agreed upon under supplemental contracts or by duplicating the 
original agreement. 

9/. Cost-plus-a-bonus-and-penalty Contracts. — The second variation of the 
form of contract just described under Cost-plus-a-scale-of-fees Contracts is sometimes known 
as a cost-plus-a-bonus-and-penalty contract, so there is no need of further comment. 

9^. Cost-plus-a-bonus Contracts. — In all cost-plus contracts, it is possible for 
the owner to offer a bonus for early completion, thus giving the builder a decided incentive to 
finish ahead of the contract time and thus add considerably to his profits. A bonus and penality 
for time limits will be considered under the heading Time Limits, Art. 15. 

9?i. Percentage Contracts. — The percentage form of contract likewise has two 
variations. The first one, used by some municipalities, is to have the architect make up an 
estimate of the cost of the structure. Contractors then make proposals based upon thip 
estimate by bidding a percentage — as one contractor may bid 97% of the cost, another 100% 
and a third 102 %, the award being made to the one bidding the lowest percentage. This is 
also a variation of the lump-sum form of contract, as, in the end, the builder names a lump sum 
based upon the architect’s estimate. 

The second variation is that of a contractor bidding a percentage of the cost as a fee for which he is willing 
to build the structure. The estimated cost need not be known, and plans may be changed, for the percentage is 
paid on the final cost. Here the contract is awarded to the builder naming the smallest percentage. This form 
of contract varies from the cost-plus-percentage form only in the method of arriving at the percentage. In one, the 
owner and builder agree upon the percentage, while, in the last form, the builder bids and names his percentage in 
his proposal, the owner accepting the lowest-percentage bid. 

In one form of the percentage contract, the owner furnishes the building materials, upon which a percentage is 
not bid, thus limiting the percentage on the labor items and the furnishing of plant, which is named as rental in the 
contract, but the percentage covers the cost of operating the plant, repairs, and all expenses. In this form of 
contract not only is the rental of plant' named, but also the wages of all employees from office force and general 
manager down. The wages are supposed to be the prevailing rates of wages paid in that locality. If wages change, 
then a new schedule is agreed upon. The owner pays all of these costs plus the percentage bid. If there are any 
fees or expenses incurred in obtaining labor, the percentage is figured on such costs. 

10. Prevailing Rates of Wages. — This term is now being used in many states in building 
contracts, and the provision covering it sets forth penalities for not paying such rates and 
provides for arbitration as to wages when complaints are made to boards and commissions 
having in charge public contracts. It means that union scales of wages must be paid by the 
builder, and in some states the higher courts have held the provision to be legal. This clause 
in contracts must be noticed and followed as far as possible in making proposals. There is no 
harm done the builder if he includes such wages in his estimates, provided the wages do not 
change during the life of the contract, but if a higher scale of wages is made after the work starts, 
he must pay such wages or there will be a breach of the contract. This is a possible injustice 
to the builder. 

11. Parties to a Contract. — Naturally, there are two parties to a contract, and the builder 
is always one of these parties. In private contracts, the other party to the agreement is the 
owner. As a rule, the owner is the first party listed in the contract, while the builder is known 
as the second party. In public" contracts, the first party to the contract is the government 
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making the agreement. The parties signing must be those set forth by law. These may ho 
officials of the government or a legally constituted board or commission acting for the govern- 
ment. Such contracts must also be passed upon by the legal bureau of the government and 
may have to have the approval or certification of the financial department to show that the 
funds for the construction are available. 

12. Certified Checks and Bidding Bonds. — On public contracts, a proposal must be accom- 
panied by a certified check or a bidding bond from some bonding company to show the good 
faith of the bidder and his responsibility. As a rule, only one of these securities is demanded, 
and when a certified check is demanded it is sometimes possible to substitute a bidding bond. 
Some governments demand a certified check and a certificate from an acceptable bonding 
company stating that they will furnish the necessary construction bonds should the builder 
prove to be the successful bidder. Other states and cities demand only that a bonding com- 
pany or companies be named as those willing to make the securities. Provisions are also made 
for accepting on deposit approved bonds, stocks, or other securities in lieu of a bond from a 
surety company. 

Bonds are frequently necessary for private contracts, but, in many cases, builders are given work under one of 
the forms of contracts here listed and without bidding, but through the recommendation of the architect and 
inasmuch as such a builder may have satisfactorily completed a number of contracts for the architect, a bond is not 
used. This is becoming fairly common for many large structures, and the fact that work can be so obtained by a 
builder, and a bond saved, is a decided asset and means of obtaining work for a well-organized building contractor or 
company. Forms of contracts and bonds under such an arrangement are mere formalities; it is the confidence that 
counts and the fact that work will be done well and cheaply with small chance of any disputes, failures, or lawsuits, 
even should the leader of the architectural firm or contracting company die. This form of confidence and coopera- 
tion in building has a decided bearing on the entire subject covered in these sections on contracts and specifications. 

13. Proposals. — As has been shown, this is the basis of agreement with the plans and 
specifications for making the contract. The making of a proposal, having it formal and making 
an alternate proposal, is covered in Art. 8 of this chapter. For private work there may be 
demanded little formahty, as a letter is frequently used, but for public contracts a special 
form is generally provided. In making a proposal it is seldom possible to name a time limit 
for its acceptance, but for some public work statutes set the time in which the public body must 
accept the proposal. In case of a very low bid, advantage can, at times, be taken of such 
statutes. In very few cases and conditions can a builder withdraw his proposal for public 
work, as his certified check or bond binds him to accept award, but it has been done even without 
forfeiting the check or the bond. 

If a proposal is not accepted by a private party within a reasonable time, then the builder can withdraw it by 
notifying the owner in writing that the proposal will be withdrawn if not accepted by a specified date. One builder 
doing much private construction withdraws all his proposals made upon jobs that are not awarded to him, so as to 
prevent a job’s being thrust upon him later by the default of the successful contractor, after the work has been 
started, and he himself may be tied up with a number of new jobs. A proposal made and not withdrawn can be 
accepted at a later date when all conditions have changed. 

14. Bonds. — Besides bidding bonds, builders have to make bonds for the faithful comple- 
tion of the contract, the payment of bills, and to cover tiine limits. Comment was made upon 
such bonds in Art. 12 for both public and private contracts. Even where bonds are not 
demanded for completion, they may be necessary to protect the owner against injury to adjoin- 
ing property, injuries to the public, patent royalties, infringements, and similar things. Some 
forms of construction and certain parts of a building may have to be guaranteed for a number of 
years, and bonds for such guarantees may have to be furnished. Some roofing companies have 
furnished such bonds through the builder to owners for some years. In such cases, the specifica- 
tions of the guarantee company must be followed in that particular work. Most bonding in 
these days is done by surety companies, but personal bondsmen are sometimes used, they 
pledging real estate and other assets in making the bond. 

16. Time Limits. — Time limits in private contracts generally date from the signing of the 
document, but in the public contract the limits start from the delivery of the contract, for some 
days or weeks may intervene between these two dates. The first time Hmit generally set is 
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that for starting the construction. This may be given as 10 days or 30 days, and in some cases 
there is a penalty for not starting, while in other cases there is no meaning in this clause except 
to delay the work and run into the possible penalities for slow completion. The contract may 
set a minimum and maximum time limit for starting, so that there may be some leeway in this 
matter. 

The crux of any building contract is in the sections covering the payments, and next to tbifa are those clauses 
covering the time limits for completion. Even this can be divided into two limits, that for occupancy of a' part or 
all the building and that for final completion. It is common to start the paragraphs of these clauses, with the 
phrase: “ Time is the essence of this contract.” The time limit is given at time in days, weeks, months, years, or 
by a given date. When days are designated, Sundays, legal holidays, and, before the roof is placed, stormy days 
are not counted, for only working days can be considered, unless the contract specifically sets forth other methods 
of computing the days. Weeks, months, or years are considered as calendar periods, while a given or set date gives 
no chance for arguments as to the day of final completion. In building construction this time limit can mean much 
to the owner as well as the builder. The owner may have his building leased to one or more tenants and may him- 
self be under a heavy forfeit to turn over possession by a given date. In one case of a building in New York City, 
a 26-story office structure, the forfeit for this possession is S5000 per week. This cannot be, or is not, made a part 
of the contract between the owner and the builder, but naturally it plays an important part in the building program 
and may be the cause of naming a penalty for slow completion by the builder. Reasons such as this one cause many 
owners and architects to select a builder upon whom they know they can depend and make a contract with him 
rather than attempt to save some money by taking competitive bids and let the construction to the lowest bidder. 
In some cases a contract covering fast completion and doing the work in less time than the contract, which the 
owner specifies, is made with the leaser, and a bonus scale on a sliding basis is named in such an agreement. The 
writer has had an experience of this kind in his own career and, besides this contract, covered some extra work of 
fitting up an office that was not included in the contract with the owner. 

Time schedules are frequently made up as to the sequence of the work to be done and especially the letting and 
starting of subcontracts. In the past, such schedules have not been included in the contract, but this is now being 
done in a few cases. Such schedules — a sample is shown and discussed in another section of this “Handbook” — 
are made out by the contractor and approved by the architect, but some of the latter are now working up time 
schedules of their own and then coordinating theirs and the bidder’s. Weekly conferences are held among the 
architect, the builder, and the subcontractors, and revisions are made in the schedule, and all are advised as to 
steps necessary to follow the schedule, so that time is saved by such cooperation. The legahty of incorporating 
such schedules in contracts and enforcing them may be questionable, but if much used in the future, court decisions 
will be rendered that may change time limits on buildings. 

Courts look with disfavor upon money payments’ being named as penalties in contracts. To overcome this, 
the word is not used, but it is stated that a given sum is agreed upon between the two parties of the contract as 
liquidated damages for a given period of time for non-completion. It at once becomes evident that if $50 per da> 
is agreed upon as damages, then every day saved must be worth that sum to the owner; so if the builder completes 
ahead of the specified time, the owner should pay a bonus of the same amount. Thus, if there is a penalty, there 
should also be named a bonus and of the same amount. So important is this subject of time limit for buildings that 
one method devised gives to the builder an increased compensation for saving time. This is being known as a 
“time limit with a rate for completion” and can be used under the cost-plus forms of contracts or a lump-sum 
agreement. 

The builder is entitled to extensions of time for delays placed upon him by the owner or the architect, due to 
non-possession of land or part of the land, franchise or permits, plans, or changes and other causes. As these 
delays occur, written claims should be made for extension, even if they are not acted upon until later, for toward 
the end of the job disputes can occur over dates and other details, while a record at the time puts these matters 
beyond argument. In public contracts this is especially important, as contracts exceeding time limits may become 
illegal and void unless an extension is granted and for good and sufficient reasons. 

16. Payments. — As already stated, this is the most important thing in the contract, and 
the method of payment and amounts must, to some extent, depand upon the form of the 
contract. 

In public contracts the builder may have little to say or do about arranging for payments, as the law may gov- 
ern this; otherwise, those officials in charge will have the contract drawn and the method of payments decided 
upon. For contracts for private work the builder may and should be able to make arrangements for payments to 
suit his financial needs, and it is possible to have such payments made as to carry the job almost to completion after 
the first payment is received. 

In unit-price contracts, payments are generally made monthly, and a certain percentage is retained until 
completion. In lump-sum contracts the same arrangements can be made as for unit contracts, but this is not so 
advisable for the builder. If he does not prefer weekly or monthly payment, he can have the date of each payment 
stipulated, or provisions can be made for payments as certain stages of the work are reached — for example, a given 
percentage or amount when the foundations are finished, when the first floor joists are in place, or steel erected, or 
when walls are completed, and when the roof is on, and so on through the entire construction. In this way, it has 
been possible for a builder to receive, say, 75 % of the contract payments, when the building is only about half 
completed, so that the owner is providing money to carry on the job. 
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Under the cost-plus forms of contract and the percentage forms, the owner makes payments monthly or as the 
builder presents statements of invoices and payrolls due, so that the form of contract governs, to a great extent, 
the payment. Under these forms of contracts, however, provision must be made for making payments on the fee 
or percentage as the job progresses. Simple and plain agreements as to money matters make sincere friends and 
prevent disputes and lawsuits. 

When a builder takes a mortage on a building as part payment, he obtains such cash as the owner has, by con- 
tract provisions, as soon as his work justifies such payment; then has the mortgage drawn and delivered by a stipu- 
lated date or when the building has reached a specified state of construction. This allows the builder to make 
preliminary arrangements of realizing on the mortgage and have the necessary cash to carry on the job. If the 
owner is placing a mortgage or is having mortgage bonds underwritten, the builder should advise himself of all the 
steps in this procedure so as to know just what chances he will have of receiving his money when due. Negligence 
in such matters may mean ruin to the builder. 

Payments to Subcontractors . — It is as important to the builder that his subcontractors be 
paid as to receive payment himself. Advances may have to be made to some, in order to meet 
payrolls and buy materials. Such advance payments may have to be weekly, but, aside from 
these conditions, there is no more reason why a subcontractor should be made to wait indefi- 
nitely for his money than the builder. This is especially true of final payments to subcon- 
tractors. All of these matters should be covered by contract agreements or set forth in letters, 
and a specified time should be named for final payment. If a sum is to be held for a certain 
period as a guarantee or for similar reasons, this should be provided for in the agreement, and 
the rest of the money due paid promptly. There have been many abuses in this connection, 
and cases have occurred where payment has been deferred for a year after the building has 
been completed. 

17. Retained Percentages. — This subject has been mentioned under Art. 16. Deduction 
of retained percentages are no longer made on all building contracts, but all provide for the 
final payment’s being held up until after the building has been completed and accepted. This is 
especially true for private contracts. A reason for this is the fact that bonds are frequently 
used for building construction, so that the owner is, in a measure, protected without holding 
back part of the builder’s earning. Forms of contracts have had much to do with ignoring 
retained percentages, for, by many forms, the owner and the builder are, for the time being, 
partners in constructing the building, the owner furnishing, to a great extent, the funds 
and, through his architect, the plans and specifications, while the builder furnishes some 
money, the necessary plant, and the labor organization. 

When percentages are retained, there is no reason to continue it throughout the job, but a sliding scale can be 
arranged. A larger percentage from each payment until the total amount retained equals 10 % of the bid price. 
Then 15 % is added to each payment until the amount retained equals 5 % of the bid price. After this, 100 % of 
each payment is made until the final estimate is paid, when the 5 % retained is paid to the builder. This is a decided 
improvement over the old method and is fair and equitable to both parties. Provision should also be made to allow 
the builder to withdraw the cash held as retained percentage and substitute for it agreed-upon securities. This 
gives the builder his cash, and, at the same time, he is drawing interest upon the amount held as retained percentage. 

18. Terminating Contracts and Breaches. — Every contract should have a clearly set-forth 
provision as to how it can be terminated with fairness to both sides, should the necessary condi- 
tions occur to cause the work to be terminated before completion. This is not possible in 
public contracts but is in private ones, although there are few cases where contracts are so 
terminated, except in case of the sale of the building. 

Breaches are not desirable but come at times. Failure on the part of the owner to make payment as per the 
contract is a breach. Failure to furnish plans can be a breach. Delays on the part of the builder can be a breach, 
and other things provided in the contract, as assignments etc. In these matters, both the owner and the builder 
should consult their attorneys. 

19. Signing Contracts. — Contracts should be signed with great care and consideration 
and in the proper legal manner. Public contracts must be signed by proper officials provided 
by statute, ordinance, or enabling acts and should be attested and have the government sea^ 
and, when necessary, carry the signature and seal of a notary upon it, with the proper certificate 
that the notary has been duly appointed and that his term has not expired. The builder’s 
signature should be sealed and witnessed, and, if the contractor is a corporation, the proper 



Sec. 4-20] 


CONTRACTS 


1129 


officials must sign, and the secretary affix the corporation seal. All the members of a firm should 
.sign a contract. For private contract, the owner signs, and if the owner is a corporation, the 
same rules apply as to the builder’s corporation. 

It is not customary to have construction contracts recorded upon public records, as with clerks of courts etc., 
but this is not unwise, and in some cases today it is being done, especially when mortgages are made in part pay- 
ment. Naturally, the mortgage should always be recorded in the local land-record office. Care must be exercised 
in signing contracts to conform to the statutes as to corporations that are not chartered in the state where the 
building is to be erected and as to foreign corporations being registered with the Secretary of State or other proper 
official or registering office. This can cause trouble as to the legality of a contract and also fines for doing business 
without being domiciled. 

20. Supplemental Contracts. — Construction contracts should never be changed, but if 
rhey are to be modified as to prices or other conditions, supplemental contracts or agreement 
should be made and signed as a contract is, and this agreement attached to the original con- 
tract. Such agreements can be made by letter, but this may lead to trouble. For public 
contracts, such supplemental agreements can be made only by public bodies adopting a legal 
resolution authorizing such an agreement. Such resolutions are passed at the request and 
approval of the architect. 

21. General Contractor. — The builder awarded the contract for the complete structure is 
known as the general contractor. He is the one to whom the owner looks for results. At one 
time, it was always customary to award the entire contract of wrecking old buildings, making 
the excavation, placing the foundations, and erecting and completing the building to the builder 
as a general contract, and although this is done today in the majority of cases, and more espe- 
cially for smaller types of buildings, yet the practice is gaining ground of dividing up the work 
into several contracts, especially when specialists are needed for parts of the construction on 
very large undertakings. 

For instance, a large office building may have pneumatic foundations or some other special type of deep 
foundations. Then the contract is first let for the wrecking of the old buildings occupying the site; with this may 
be included the excavation, or it may be made a separate contract. Tne foundations may be let to a specialist 
in that line, or this may even be divided, if concrete piles are used, by letting the pile work as one contract and the 
rest of the foundation as another contract. Then the rest of the work is let as a general contract to the builder. 
In case of industrial buildings, the furnishing and placing of machinery is frequently let as a special contract, as are 
high smokestacks and other special parts of buildings. 

Some builders are also beginning to specialize in particular types of buildings. As already stated, a few confine 
their work to public buildings. Some builders, due to limited capital and experience, confine their work to buildings 
costing not over a certain sum of money; others may build industrial plants or buildings; such builders will often 
do engineering as well as architectural construction. Other companies build apartment houses or hotes only; 
others, banks and monumental buildings; other builders erect only theaters; and some undertake only contracts for 
office buildings. A large number of builders confine their work to stores or garages, and there are many build- 
ers who erect only dwellings. Even these are divided into several classes, as to cottages, bungalows, rows of dwell- 
ings, expensive houses, and the like. 

Some of the largest building companies, in order to save having independent contracts made for parts of the 
construction and likewise to save the use of subcontractors, are establishing various building departments, under 
competent heads having experience in the various lines of work. In this way, the general contractor is placing 
foundations, doing concrete construction and brickwork, plumbing, plastering, painting, and other classes of build- 
ing construction. There are many advantages in this, besides building up a strong contracting organization. The 
common practice, though, is still to let subcontracts, as they are, for most builders, decidedly advantageous. 

22. Subcontractors. — The general parts of buildings sublet are the foundations, brickwork, 
steel construction, metal work, such as cornices, skylights, etc., plastering, painting, plumbing, 
and heating, electrical work, elevators, marble work, stone masonry, tiling, roofing, and other 
special kinds of construction. Millwork and materials are always sublet unless the general 
contractor happens to be a dealer or manufacturer of such materials. 

Thus, on a large building, there may be the general contractor and from 10 to 20 sub- 
contractors. The owner knows the subcontractor only through the general contractor and, 
dealing with the subcontractor by the owner and his architect, comes through the general 
contractor. The general contractor is paid by the owner, and he, in turn, pays his subcon- 
tractors. The general contractor at his option demands a bond of the subcontractor and such 
guarantee as he must make to the owner. 
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Contract agreements generally stipulate that subcontracts can be made only with the approval of the architect 
The form of contract used between the general contractor and the subcontractors will depend upon the form used 
between the owner and the general contractor. In most cases, it is a duplication of the form, as with a lump-sum 
contract; the same form is used with the subcontractor. A percentage contract is duplicated in the same manner, 
but, in such cases, the general contractor’s percentage may be reduced upon the work done by the subcontractor. 
At times, even with a percentage or fixed-fee contract, the owner elects to have the subcontractor do his work for 
a lump sum, including in it his profit. He then treats such sum as the cost to the general contractor and pays him 
his fee or percentage upon it. 

It is customary, except where the owner furnishes all materials, for each subcontractor to furnish tne materials 
he uses: thus, his prices cover both materials and labor, as do those of the general contractor. 

23. The Makeup of a Contract. — There are many forms used in the making up or writing 
of a contract: some are gotten up as a pamphlet or book; others, in the form of a legal brief; 
others consist of a set of typewritten pages blueprinted and fastened at one end; while short 
contracts may be in the form of a letter. There is always a demand from some professional 
men for a standardization of any kind of document, as to shape, size, and even its typographical 
makeup and appearance. This may be desirable, but there are many reasons why architects 
are not likely to adopt such a standard. One is the cost, especially for small jobs and contracts, 
while the main reason is the loss of the architect’s individuality in any standardization. A 
reputable and successful firm wishes to distinguish itself from others by the character of the 
work that comes from its office, and this is as true of a written contract and specifications as it is 
of drawings and plans. Each architect should have a standard of his own, but it need not 
conform to that of another. ^ 

The makeup or form for a public contract will vary somewhat from that for private work. The latter need 
not be so elaborate, nor need it be hedged around with so many legal restrictions, but both should be drawn up in 
legal form and so that all provisions wdU hold under the law. The following general form can be used for any of the 
contracts listed in this book, or from the outline or memorandum given a standard form of contract can be devised. 

The Title. — The first preliminary is to select a title for the contract which is descriptive of the owner and the 
building or buildings. 

The Cover. — This may have on it the title and the name of the architect and may be simple or quite elaborate, 
giving individuality to the contract and serving as an advertisement for the architect. If the contract is in book 
form, the next page is the title page and is generally a repetition of the wording on the cover. 

Copyright. — On the reverse side of the title page, the date and ownership of the copyright of the contract and 
specifications may appear if the architect wishes to protect his work by copyright. A copyright may be obtained 
from the Library of Congress at Washington by depositing two copies of the contract and paying a fee of $1. 

Photographs. — The next pages may have on them picture elevations of from one to three elevations of the 
completed structure. This is not absolutely necessary but adds much to the appearance of the contract and 
is a mark of distinction. These elevations may be reproductions from wash drawings or pen or pencil artist’s 
sketches. 

Invitation to Bidders. — Upon the next pages should appear the invitations to bidders. If an official advertise- 
ment is published in any paper, a copy of it may appear on these pages, but as on many private contracts such 
advertisements are not used, only a general invitation is set forth stating the time and manner of receiving proposals. 
Attention can be called to this by letter to such builders as the owner and architects desire to bid upon their job. 

Information for Bidders. — Under this heading a short description of the work is given; a list of drawings to be 
furnished the bidders, the general time for completing the contract, the security and bonds to be made, the qualifica- 
tions of the bidders, and the acceptance and rejection of bids. 

The Proposal. — The next should be the proposal. A memorandum should set forth that bids will not be 
received or considered informal, unless submitted on the proposal form. If it is desired, the page or pages of the 
proposal may be perforated sheets, so that they can be detached and submitted separately. It is good practice, 
however, to have the proposal bound in the contract so that it will be returned as part of the agreement and then 
make a complete document. Ample room should be provided to allow for signatures and seals of corporations as 
well as to give information as to those interested in the firm or corporation of builders. Should alternate prices be 
asked, space should be provided on the proposal form and, also, there should be sufficient room left for the builder 
to make an alternate tender if he desires. For other information, see Art. 12 of this chapter. 

Bonds. — Following the proposal should come information regarding bidding bondfe, certified checks for bidding, 
bonds for completion to cover guarantees, patent infringments, damage to property, and other bonds that may be 
demanded (Arts. 11 and 13). 

Survey. — Here it should be told who is to make the survey of the building lot, if a survey has to bo made; who 
is to pay the cost; and who is responsible for drawing up the necessary certificate. 

Contract Proper. — The next thing should be the contract form and all the articles, paragraphs, sections, and 
clauses that have any bearing upon the contract of the work, other than the specifications. This should be as short 

1 A standard form of contract adopted by the American Institute of Architects can be obtained for a small fee. 
Address, The Octagon Building, Washington, D. C. 
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as possible, yet brevity should not be at the expense of being explicit and definite. It is advisable that all articles, 
sections, and pages be numbered to admit ready reference. 

J. Intent and Purpose. — The first article should be in legal form as to the agreement or contract made and the 
intent and purpose of the contract. The parties to the contract are named and identified as to legal standing, 
especially in public contracts. 

II. General Provisions. Under this heading and article, there should be a general description of the scope of 
the work, and, by a series of subarticles, everything pertaining to the contract to follow should be defined. 

Principals . The parties to the contract are Listed, their responsibility one to another is shown, and by defini- 
tions it is indicated how they will be referred to in the contract. For instance, the No Name Manufacturing 
Company will be known as the owner, the General Construction Company will be known as the builder, and Smith 
and Smith as the architect. Definition and status are given of others who may have a part, and the pronouns, 
abbreviations, and other definitions are listed. 

Architect's and Engineer' $ Status. — The standing and responsibility of these parties should be set forth in detail. 

Architect s and Engineer s Decision. Under this heading is given the finality of the decision of these officials. 

Builder, Superintendent, Foreman. — Here the standing of the contractor, of his superintendent, and of foremen 
is set forth; also, the statement that some responsible party must represent the builder upon the job to receive the 
orders and instructions of the architect. 

III. Work to Be Done and Drawings. — The first subarticle rmder this heading will describe all work necessary 
to be listed in detail, and then a second subarticle will list all drawings and who is to furnish them and state that all 
must meet with the approval of the architects. A possible list of drawings may be as follows: 

Architect’s general plans and drawings. 

Architect’s detail drawings. 

Contractor’s plans for reinforced concrete. 

Contractor’s plans for workmen’s utilities. 

Mechanical engineer’s plans for plumbing. 

Mechanical engineer’s plans for heating. 

Lighting engineer’s plans for lighting. 

Electrical engineer’s plans for electrical construction 

Manufacturer’s plans for boilers, etc. 

Manufacturer’s plans for pumps, machinery, etc. 

Subcontractor’s plans for elevators. 

Others will suggest themselves. 

IV. Prices and Payments. — The contract prices should be listed and should duplicate in terms and figures 
submitted in the proposal. Next, the payments should be set forth, specifically as to amounts, how made, and 
made. The final payment should likewise be provided for as to conditions and time. Reference should be 
to Art. 15. 

V. Retained Percentages. — When a percentage is retained, the amount should be given and when it is to be paid, 
and other money to be retained as guarantees should be set forth (see Art. 16), 

VI. Additions and Deductions. — Here should be Kbted any payments to be made for additional work and 
deductions for doing away with guarantees of work or changes that will cheapen the job. 

VII. Time Limits. — As already stated in Art. 14, this is an important article. Time schedules, limits, and 
everything pertaining to the time of completion as well as the starting of subcontracts and other details are included. 
Provision should be made for starting the work and for delays caused by the owner, the contractor, the subcon- 
tractors, the delivery of materials, and labor, as well as other delays, caused, for instance, by city improvements, etc. 

VIII. Liquidated Damages. — Here penalties of various kinds for delays and other damages are provided for 
and listed. 

IX. Liability of Builder. — Here are given those responsibilities and liabilities of the builder as to injuries to 
owner, architect, adjoining property, and other persons, both workmen and public, and prorision is made for 
workmen’s compensation insurance, accident insurance, fire and wind insurance, and other such matters. 

X. Owner Secures Builder. — In this article, the owner secures the builder against injunctions and other defaults 
upon his part. 

XI. Breaches of Uoniraci.— This tells of breaches by both parties of the contract and how to prevent them. 

XII. Extra Work. — This article describes what shall be considered extra work and how payment should be 
made. 

XIII. Subcontractors. — Under this item are set forth how subcontracts may be made, the approval by the 
owner and architect, and their status (see Art. 21). 

XIV. Contracts for Materials. — This is an important article on all percentage and cost-plus contracts. Who is 
to make the contracts should be set forth, and the care and responsibility for the materials until used. 

XV. Inspectors and Inspection. — Cover all inspection and give the status of inspectors. 

XVI. Changes in Plans and Work. — This provides for changes in plans and work and how the cost is to be 
covered. 

XVII. Miscellaneous Provisions. — Here may follow a number of items that should be covered in the contract 
as subarticles. 

Permits. — Tell who is to obtain and pay for all permits, ordinances, etc. 

Leins. — Cover how the owner shall be protected from liens. 

Royalties on Patents. — Set forth who shall pay these and the protection of each party. 

Vae of Premises.— Tell how the builder may use the owner’s premises and the care that must be taken of the 
property. 


those 

when 

made 
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Cleaning Up. — State that the builder must keep the property clean, keep down fire hazards, and hand over the 
building swept clean. 

Workmen’s VUlities. — ^List the utilities to be furnished for the workmen and state who is to pay the cost. 

Sanitation and Drainage. — Cover temporary samtation and drainage until the job is finished. 

Temporaru Connection With Pipes, Etc. — Tell how these must be made and at whose expense. 

Office. — State that the builder must maintain an office on the job equipped with telephones and that plans and 
specifications must be kept on file in this office. 

XVIII. Terminating Contract. — Tell how the contract can be terminated. 

XIX. Assignments. — Cover assignments of contracts and subcontracts. 

XX. Arbitration. — Indicate how disputes are to be settled by arbitration (see Art. 31). 

XXI. Execution of Contract. — Space is provided for the date of the signing, the placing of seals, and the witnes- 
sing of the contract, also for the appearing before a notary, if necessary. 

Form of Bond. — After this should be written the forms of bonds to be made and used by the builder. 

Form of Subcontractor's Bond. — This covers the form to be used for this purpose. 

Specials. — .Additional articles can be added to any contract to cover machinery or any special item. 

Specifications. — The specifications are covered in another chapter of this book. They follow the bond and 
contract. 

24. Contracts for Wrecking Buildings, — In erecting many new buildings in towns and 
cities, one or more old buildings must be torn down or “wrecked in order to make space for 
the new structure. Thus, the wrecking of buildings has become a great industry, and either 
builders themselves do this wrecking or it is done by wrecking contractors, who make a speciality 
of this work. Some of these contractors call themselves “wreckers and shorers,” as they 
undertake contracts to move buildings, wreck them, and shore and underpin them, although 
foundation contractors also do the last two classes of work. To show the extent of the wrecking 
of buildings, it may be stated that in New York City, metropolitan district, for some years 
there has been wrecked annually an average of 10,000 buildings. In the Baltimore fire, con- 
sidered a great calamity, less than a third of this number of buildings was destroyed. 

Forms of contracts for this class of work vary from those used for erecting buildings There are three distinct 
things to be covered in the contract — the price paid and to whom, the ownership of the materials salvaged, and the 
elevation at which the wrecking ceases as well as the disposition of the d6bris made. 

Many contracts are made by letters offering to do the work and stating the basis covering the three points 
mentioned, and acceptance is made by a letter from the owner. For more extensive jobs or for public work, a 
regular contract is made. The following are the different bases of making such contracts: 

The wrecker bids a price for the privilege of taking down the building and taking possession of all materials as 
the building stands at the time of receiving proposals. The job is given to the highest bidder. 

The wrecker is paid a price for taking down the building, the materials remaining the owner’s and being placed, 
after salvaged, where he designates, or the wrecker is paid for the job and* pays a price for the materials. The job is 
given to the lowest bidder in these cases, consideration bejng given to the price paid for the materials. 

The wrecker takes down the building without money’s being exchanged between him and the owner for the 
materials the building contains, he paying the cost and making his profit from salvaging the materials. 

• In other cases, where the owner receives part of the materials — say, the bricks — he pays the wrecker for the 
work, and the latter takes such materials as are not reserved by the owner. 

The usual practice is to wreck the building to the sidewalk or ground-surface elevation, leaving the foundations 
to be taken out with the excavation. If the walls are to be wrecked to the foundation level, this must be specified, 
as it is considered exceptional and not according to ordinary practice. Unless it is specified that the wrecker is to 
take away all debris and trash, he hauls away only such debris as interferes witn his work, leaving the rest in the 
cellar or basement so that none of it is higher than the sidewalk elevation. This is customary, and to have the 
cellar left clean it must be so specified in the contract. If dust is to be prevented and laid by means of water or 
chemicals, then this stipulation, too, must be expressed in tne contract, and a sum named as liquidated damages 
for complaints regarding dust, ignoring other property. 

There is but a limited value to second-hand building materials, depending upon the trouble m finding pur- 
chasers. If all such materials could be sold promptly without rehandling and storage, good prices might be attained 
and a fair profit made, but only on a few kinds of material is this possible, l^ricks, as a rule, bring a fair price and 
find a ready sale, yet there are always many “bats” that are useless, and, in some sections, in old buildings many 
bricks in the interior of w’alls are the old type of salmon or soft brick, which arc useless and not wortn cleaning. 
Besides brick, second-hand building materials, etc., obtained from wrecked buildings that possess a fair value are 
structural steel, plate glass, modern plumbing fixtures (old-style fixtures must be sold for junk), load, brass, heavy 
timbers, and special high-grade hardwoods, boilers, tanks, and machinery. Also, metal window frames and some 
types of fire doors and shutters. The following materials have little value: stone and terra cotta, even ornamental, 
millwork, tiles, all kinds of roofing material, even slate, cast iron, and most pipe. 

Note. — Reinforced concrete buildings have little salvage value and are very expensive to wreck. A con- 
tractor must get a large price for taking down a building built of reinforced concrete, and especially with columns, 
walls, and floors of concrete. Upon one occasion, two contractors who undertook the wrecking of a five-story 
building of this type abandoned the job, and the third man completed it on a cost-plus contract. 
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26. Contracts for Moving Buildings. — Special agreements are made for this class of 
building work, and risk of injury to the structure to be moved is, as a rule, thrown upon the 
contractor. A special contract is drawn up for this class of work, only two forms being used — 
the lump-sum contract or some variation of the cost-plus form. Remarkable jobs of moving, 
turning, and raising buildings to a higher elevation have been carried out by competent con- 
tractors in this class of work. 

26. Contracts for Alterations and Converting. — In towns and cities, there is an ever 
increasing amount of altering parts of buildings, putting store fronts in old dwellings, and 
converting a building erected for one purpose to another use. The jobs entail some tearing or 
partial wrecking and small details of work. These items must all be included in the estimate 
and price. The forms of contract used for this kind of building are the lump sum, the cost plus, 
or the cost plus a percentage. In many cases, the work must be done while the building is 
occupied in part or as a whole, so that this may add considerably to the cost of the work. The 
builder must take into consideration all of these facts. Many builders make a speciality of 
this class of work, while there are a few who refuse to do any of it. 

27. Quantities of Work. — In order to make up estimates of the cost of any building or 
structure, by either the architect or the builder, the quantities of the various kinds of work to 
be done must be taken off the plans. (It is possible to estimate roughly the cost of certain 
types of structures hy applying a guess price to that area occupied, the cubical contents, or 
other rules. Accurate costs must be figured from quantities.) 

Such quantities are taken off the architect’s plans and from items mentioned in the specifications. The job is a 
tedious one and, for any size of structure, consumes much time. These lists are known as schedules. It would seem 
natural that the architect should be the one to make up such schedules, as he has had the drawings and plans made 
from his own design and has drawn up the specifications; consequently, he knows exactly what he has specified. 
In spite of this, the architect seldom makes up any such schedules; and, furthermore, he shifts the responsibility 
onto the contractor. He goes even further and throws the blame for errors, omissions, and discrepancies upon the 
builder. Many quotations from building specifications could be given to show the position of architects in these 
matters. 

It is in making up these schedules of quantities that the completeness and accuracy of the architect’s drawings 
are tested. It is a surprising fact how few are complete or accurate, yet contractors are not in a position to protest, 
for, if they do, the architect simply drops such contractors from his list, thus depriving them of the privilege of 
bidding. These things are not only an injustice to the contracting profession but also likewise to the architect’s 
client — the owner — for he is sure to pay more for his work when there are uncertain features about it. There is 
great need of reform in connection with these conditions of contracting. Although some blame can be placed 
upon builders, the greater part of it lies at the door of the architect who is unwilling to assume any responsibility 
or additional expense as long as he works for fees, 

28. Quantity Surveying. — The act of making schedules of quantities is known as quantity 
surveying. If this survey is made up accurately and furnished to both the owner and to con- 
tractors making proposals, there is little question but that the minds of the two parties to the 
contract will meet upon definite and accurate information, making a closer and more economical 
contract than when the contract is based upon insufficient data. 

This fact has been recognized in England and parts of Europe from which source the making of quantity surveys 
has been brought to us. It is now possible in some of our largest cities to get this surveying done by a third party. 
Companies are offering their services to owners and contractors to make these surveys, guaranteeing the quantities 
according to the plans and specifications so that any material or work that is not in the schedules is treated as 
extra work. 

These schedules are not only used by the owner, his architect, and the general contractor, but also by the sub- 
contractors. In many cases, they mean the saving of plans and the chance of obtaining more bids and greater 
competition, for subcontractors frequently cannot obtain plans if they are in distant cities or have not time to take 
off quantities, while, from the schedules, estimates can be made and mailed to the bidders. 

There are a number of different methods being advocated to overcome the high cost each builder has for 
estimating on jobs. Quantity surveying is gaining favor, and there are a number of pooling agreements amongst 
subcontractors as well as builders. The steel manufacturers are among the leaders in pooling the coat to have but 
one estimate made for a structure. The time will no doubt come when but one estimate of quantities will be made 
for a building and the owner will pay for this as he should. 

29. Extra Work.™ All work called for by changes or not specified in the original drawings 
and specifications is termed extra work. As this was not included in the original price, it must 
be paid for as an extra. 
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There are two methods of paying for such work. One is by agreeing to a price for each lot of work, and the 
other is to do it by the percentage method — that is, cost plus a percentage — this last being the method in common 
use. Bills for such extra work must be rendered to the architect for his approval, after which they are paid by the 
owner. Disputes often occur over extra work because of the belief that many contractors swell the cost of the 
various items that go to make up the bills. For this reason, builders should give the owner every facility for check- 
ing up his bills, both as to materials and as to labor. 

30. Construction Materials, — As a rule, construction materials are purchased by the con- 
tractors and are not paid for by the owner until they are put in place. Under some contracts, 
materials are paid for in part when delivered and are finally paid for as a whole after being 
placed. 

In some cases, the owner purchases the materials, and the contractor stores, cares for, and places them. In 
both cases, whether purchased by the contractor or the owner, the contractor is held responsible for them. 

If the owner purchases the materials, it is necessary for the contractor to charge a percentage of the cost to 
cover the storage, handling, insurance, responsibility of preventing them from being stolen, etc. If this is not done, 
the contractor is liable to sustain a loss upon that part of the work. 

If the construction is being done under either the cost-plus-percentage or the scale-of-fees form of contract, 
the cost of the material, even when purchased by the owner, is used to calculate the fee or commission earned by the 
contractor, unless it be especially stipulated that the commission is figured only upon the labor costs. The general 
custom of the contractor purchasing the materials is the one favored by builders, and many contractors will not bid 
upon jobs for which the owners purchase the construction materials. 

31. Plans and Specifications. — The plans and specifications are made up by the architect, 
except when a contractor agrees to get up plans and specifications for the owner in addition to 
doing the construction, thus saving the fees of the architect. This is not, however, a common 
practice except for small buildings, alterations, and work in the country on building barns and 
other farm structures. 

For steel construction and concrete buildings, contracts generally specify that the contractor must furnish the 
detail working drawings, the owner furnishing only the general plan, loads, and such data, so that the contractor 
can have his details worked up. If this work is done by a subcontractor, the general contractor shifts the responsi- 
bility for these working drawings upon the subcontractor. 

Owners and architects are not liberal in furnishing plans to contractors for estimating. They have lists, except 
for public work, of contractors whom they invite to bid and will not give plans to anyone except those on their lists. 
It is also becoming a common practice to make contractors pay for copies of plans or to demand a deposit of from 
$10 to $100 for a set of plans. This money is returned to the contractors, other than the successful bidder 4 when 
a bid is made or upon the return of the plans- 

32. Arbitration. — Disputes will often arise over construction contracts, with resultant 
lawsuits. When such occur, highly technical subjects and the ethics of construction are carried 
before a jury and court that know little, if anything, of such matters; therefore, these things 
only become confused in their minds, and courts, instead of dispensing justice, dispense law. 
To overcome this, arbitration is being used in connection with suits over construction. Arbitra- 
tion has no legal standing under our laws and before our courts, though in European countries h 
has. Contractors, through their various organizations, should work to have a legal status 
given it. 

The advantage of arbitration over the courts is that men trained in construction listen to disputes and, knowing 
every phase of the subject, quickly see the injustice to one party and thus render a just decision. Time and expense 
both are saved in explaining technical subjects, as arbitrators chosen from the profession are familiar with such 
things. 

It is possible for every construction contract to contain a paragraph setting forth that disputes must be settled 
by arbitration, stating the number of arbitrators and the method of selecting and paring them. Explicit rules 
can also be laid down for hearings and investigations so that every dispute may be handled promptly and gone into 
thoroughly. Each party to the contract should bind himself to accept and stand by the decision of the arbitrators. 
This is not legally binding, but it will, in most cases, bring satisfactory results. 

33. Architect's Contracts.^ — The architect for a building, except in cases where the archi- 
tect is employed on a yearly salary, is employed by contract by the owner and is generally paid 
a commission upon the cost of the work, although, at times, a flat fee is agreed upon. Even 
if there is not a written agreement, an oral contract is generally made. Two services are covered 

1 Covered at greater length in Part II, Section 3, of this book. 
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ill these contracts: (1) getting up the specifications and plans and (2) supervising the 
construction. 

For some public buildings, large bridges, and memorials, prize competitions are held to obtain the best design 
from architects. The first prize carries with it the prize money, payment for the plans, and supervision of the 
construction. The other plans submitted may secure prizes but nothing else. 

Architects are also asked, at times, to compete in making plans, but inasmuch as this entails much work with 
httle chance of compensation, few well-established architects will enter such competitions. In most cases, archi- 
tects must depend upon their recognized ability, their experience, and their acquaintances to obtain jobs. 

Some architects have a standard form of contract to use with their clients. Others set forth by letter to their 
clients what services they will render and their rate of compensation, the client accepting the offer by letter. Either 
method is considered a legal agreement under which an architect can recover. An architect who looks after his ow'n 
contract with his client in the proper manner is likely to make the proper kind of contract wdth the builder in behalf 
of the owner and be fair to both parties. 



SECTION 5 


SPECIFICATIONS 

By Daniel J. Hauer 

Specifications, like drawings, are made a part and parcel of the contract, as they, with the 
money to be paid by the owner to the builder, are the basis on which the two minds have met 
and come to an agreement upon which the contract is framed, signed, and executed. The 
specifications can affect the contract, so that a decided change in them can make the contract 
null and void, yet in other than public contracts, the courts allow slight modification and changes 
in specifications. On public contracts, no one has the right to change, in any manner, modify, 
or evade the specifications. A public contract once executed, signed, and delivered precludes 
the changing of any part or clause of the specifications. This is not true of drawings and plans. 

1 Specifications and Contract. — The specifications, as their name denotes, are those clauses 
of the contract that are grouped together explanatory of the drawings and plans, specif 3 dng 
the kinds of materials to use, the quality of such materials, and the class of work to be done. 
They likewise provide for the inspection, acceptance, and rejection of all materials and work. 
Specifications are as essential as drawings, if not more so, for with some simple structures 
dimensions can be incorporated in the specifications and the structure can be built without 
drawings. The oldest specifications in the world, yet concise and definite, were those given by 
God to Noah to build the ark that safety carried its precious cargo through the floods ! 

In most eases, the contract is bound with the specifications, and in public contracts this makes little difference; 
indeed, it is advisable, but it is not necessary in private contracts. Some contracts and specifications can bo in the 
same cover, but it is possible for superintendents, mechanics, and others to be given separate bound copies of the 
specifications, omitting the contract. In this manner, in private contracts, the prices and payments can be kept 
secret, even the general form of the contract, which may have some effect on the workmen If contract and speci- 
fications are bound separately, then in each there should be a reference to the other showing that they are a part of 
one agreement or document- It is also advisable, if the two are bound separately, for the owner and builder to 
sign the specifications. 

2. Specifications should be Definite. — The first consideration for any specifications is to 
have them written for the job at hand and not copy them from some other job . Many architects 
do copy their specifications either from those prepared by others or from those used by them- 
selves for other jobs. At times, some great misfits occur by this haphazard practice. Specifica- 
tions covering frame buildings have been used for brick structures simply by adding articles on 
brickwork. 

It is not necessary that every detail be written for each job. Brickwork and the general conditions governing 
it can be the same on every job; so it can be with concrete and woodwork; in fact, most of the general lines can bo 
standard, simply adding the necessary things for each particular job. By this method, much work can bo saved in 
getting up specifications. Under no circumstances should special clauses be inserted unless meant to cover the 
particular work to be done. 

Then, too, all specifications should be definite; ambiguous clauses should be eliminated. Expressions such as 
“the owner will designate the style, of fixtures” or “as the architect may direct” or “the number of panels will be 
designated by the owner or the architect” should be excluded. Decisions as to what is to bo specified should be 
made before writing up specifications, and when this cannot be done, certain things should bo provided for in a 
definite manner and also provide for an alternate. To be definite means to save money and secure the confidence 
of builders; it also prevents lawsuits. Specifications which arc not clear add to costs and load to lawsuits. 

3. Standard Form of Specification. —There are no real standards for specifications. The 
same remarks made regarding standardized contracts are applicable to specifications. Large 
architectural firms employ men especially trained in specification writing. Smaller firms write 
their own specifications or else employ a consultant in this line. A demand is gradually coming 
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in the building industry for experts in specification makeup and writing. This is an indication 
of the importance of this subject. 

4. The Specifications Proper. — The following memorandum in general form is given as 
guidance to an architect for writing up specifications for either public or private work. From 
it he can make such omissions as he deems expedient and make a standard to suit his needs. 
It is believed that the outline given is complete except for a few special types of buildings. 

I. Introduction. In this introductory, state that the specifications are part of the contract and that they with 
the drawings are intended to be full and comprehensive and describe, in a general manner, the work of the builder to 
make a complete building for the prices and payments covenanted. 

JI. Contract Drawings, A list of drawings upon which the contract is based should be given as well as those 
showing typical details. For this purpose, all drawings should be numbered. A statement should be made as to 
furnishing, at set dates or time limits, the necessary working drawings and supplemental drawings. Cover here 
discrepancies between specifications and dravrings and the decision of the architect regarding all plans and drawings. 

III. Brief Description of the Work, Give a brief description of the work and the class of construction expected. 
This can be short or elaborated upon for special jobs. 

IV. General Clauses. Describe here the intent of the specifications; the securing of permits and licenses; the 
plant to be furnished by the builder; the operation of such plant; the care of the building; the keeping of it open for 
inspection; the use of scaffolds; precautions against injury and loss by storms and fire; the care of construction 
materials; and all of those items that will not be covered under the other subheadings. 

V. The General Manner of the Prosecution of the Work. — Here show the order and sequence of the building 
construction; the time of letting subcontractors and when these parties shall begin their work; the care to be exer- 
cised regarding adjoining property; the care of the public and the maintaining of traffic in the streets and roads; the 
time of turning over parts of the building, if this is necessary; the care regarding tenant, if an alteration job; and 
other details of the orderly carrying on of the job. 

VI. Excavation and Backfill.' In these clauses of the specifications.^ cover the excavation of all kinds — earth, 
rock, quicksand, and other materials. The sheathing and shoring necessary must be specified and the need of 
pumping or unwatering the ground. 

If borings or test pits are made before the contract is let, fairly definite information may be obtained upon 
which to base the depth of excavation and the type of foundation needed. Such information is valuable to the 
owner, architect, and builder, as a fair estimate could be made of each class of material to be excavated. These 
subsurface surveys are of importance and frequently prevent the payments of extras. 

The backfilling under floors and around the structure, as to methods, should be specified. Foundations: First, 
a general description of the foundations should be given and the type to be used, as to pneumatic caissons, piles, 
grillages, etc.; the depth of the foundation from the sidewalk or curb should always be given on the plans and in the 
specifications. 

Underpinning the foundation of adjoining buildings and shoring them temporarily is included in the clauses 
on foundations. The responsibility for this underpinning may be upon the builder, who must furnish plans for the 
methods to be used, but the architect should approve these plans. Under such conditions, the architect or owner 
cannot, without assuming responsibility, tell the builder how to underpin but can control the matter by not approv- 
ing plans that are not, in the architect’s opinion, satisfactory. If the architect is to furnish plans for underpinning, 
then he and the owner assume responsibility. 

VII. Waterproofing. — This defines the type of water and damp proofing to be done and in what walls and 
floors. It is explanatory of the plans. 

VIII. Cement. — Specifications covering cement should always be given before that for the different kinds of 
masonry. Under Construction Materials, more information will be given as to specifications and standards for 
such items, 

IX. Concrete. — The principle uses for which concrete is specified should be told, the proportions, how measured, 
the method of mixing, the placing; likewise, the permissable aggregates, the kinds of sand, and the formwork should 
all be covered. For exposed walls, the finish is of importance and should be specified as well as all other details. 
Concrete is used for foundations, floors, and pavement, structural work, lintels, and sill and even for large stacks 

X. Mortar. — Here the specification for sand should be considered, and the kinds of mortar specified for each 
class of work, when mortar is to be used, as well as for pointing up. The specifications for mortar for fine brick, 
other special work, and size of mortar joints should be given for each class of work. 

XI. Brickwork. — There are many kinds of bricks used in buildings and for a variety of purposes, as common 
arch brick, a variety of face bricks, including color schemes, brick for interior trim and finish, tile face brick, fire 
brick, insulating brick, and many other specials. The plans will show where some of these bricks are to be used, 
and detail drawings will show special designs and trim in brick, but the specification must give the rest of the 
information. The necessary bond in brick laying should always be covered in the specifications as well as the 
exposed corners of walls. 

XII. Stone Masonry. — Here, again, may be a variety of classes of work to be described, as rubble, many kinds 
of ashlar masonry, ranged and broken rangework, point and bush-hammered dressed masonry, pohsned stonework, 
and others. The bond, joints, pointing, and dressing up the masonry must all be covered, and detail drawings and 
specifications must be gotten up for any carving of designs in stone. Stonework is expensive, and nothing should 
be left indefinite, even as to the size of the stone. The backing up with other masonry of stone masonry is of 
importance and should be governed by sound specifications to give a good bond. 
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XIII. Artificial Stone Masonry. — Under this heading must be told what make and kinds of such stone can be 
used, the test it is to stand, the finish and face it is to have, the method of laying, the bond, pointing, and other 
details, 

XIV. Ornamental Terra-cotta Masonry.— same general detail is used in Art. XIII must be followed under 
this heading. For special designs in both kinds of masonry, drawings must be furnished, and if the contractor or 
his subcontractors are to make up any special designs or details of such, the specifications should provide for the 
submitting of drawings or sketches covering such features for the approval of the arcnitect. 

XV. Terra Cotta. — Where terra-cotta tiles are to be used for floors, walls, fireproofing, or glazed tiles for coping 
of walls, the specifications should be divided into a number of subarticles, each one telling of the different uses and 
the details of the work. 

XVI. Concrete Blocks. — This article should cover this class of masonry in a manner similar to those classes 
already discussed. 

XVII. Chimney and Stacks. — Full specifications as to every detail should supplement the plans for such work, 
covering shapes and sizes of radial brick, fire brick, mortar joints, and all necessary work of construction. This 
class of construction is generally sublet, and provision should be made for it. 

XVIII. Lumber and Millwork. — Although these materials still enter into the construction of many buildings, 
in fireproof structures their use is becoming almost obsolete, yet many articles made of metal are listed under the 
general heading and the subheads to be given. There are a number of grades of timber, lumber, and millwork, and 
so plans and specifications should be definite so as to obtain the desired quality and workmanship. Besides mill- 
work, there are structural timbers, flooring (many grades), weather boarding, clapboards and ship-lap, shingles, 
laths, trim, and many specials. Under the subheads, will come 

Doors. — These may be wood, metal, wood covered with metal, fire doors, and special cast doors. 

Windows . — Frames and sashes can be of wood and metal, and there can be a large number of special designs 
and types. Fire shutters as well as other shutters are included with windows. 

Stairways. — Besides wooden stairs, there are steel, concrete, a combination of the two, marble, tiles, etc. All 
should be specified and described and shown in drawings and writing. 

Floors. — Floors are now laid of many materials, depending upon the use given them clumber, concrete, marble, 
tiles, and various kinds of composition and patented floor surfaces. These last are generally guaranteed. All 
kinds should be carefully defined and made to conform to a standard, as floors have much to do with the interior 
appearance of a building. 

Walls. — In some cases, the walls are covered in the plans and specifications in the structural details, but there 
are special walls, as light partition walls, fire walls, sound-proof walls; and the finish and appearance of all walls is 
important. Such should be set forth in the specifications. 

Trim. — This item is in connection with the walls, stairways, and floor, referring mostly to interior work. 

XIX. Roofs. — These are not only costly, but also the success of a building depends upon them. There are 
many kinds used, and the spebification for each should be definite. In many cases, guarantees running from 5 to 20 
yrs are made upon different kinds of roofing. 

XX. Cornices. — These are built in connection with the walls and the roof and must be water tight as well as 
ornamental so should be ftilly covered in the plans and specifications. Detail drawings are generally made of the 
cornice. 

XXI. Skylights. — These are generally a part of the roof and are now made of galvanized iron and, generally, 
wire glass. Careful attention must be paid to the construction and the specifications. 

XXII. Structural Steel. — Under this heading comes an important item in the erection of high buildings andlarge 
industrial plants. There are commercial shapes used extensively in other buildings, as beams, columns, angles, 
channels etc., while there are fabricated shapes and invented members that are more or less made up from regular 
rolled shapes; then, at other times, there are special fabricated members and structures. The specifications should 
cover the loading of all such members, the tests as to tensile strength, and other engineering and architectural 
details. 

XXIII. Construction Materials. — For convenience, all construction materials will be covered in this heading 
and other subheads, but in the regular specifications each material specified should be under a separate article. 

Reinforcing Steel. — The kind of steel for reinforcing concrete as to shapes, tests, etc., should be covered, and 
also wire mesh, special forms, and other details. 

Cast Iron. — Under this head may come structural iron, plates, and other kinds of cast iron. 

Wrought Iron. — There may be brackets, fire escapes, porticoes, and many other uses for wrought iron to be 
described and listed. 

. Lead . — This metal is used for pipes and other purposes. 

Tin. — Besides tin roofs, this metal is also used for flashing. 

Copper. — This metal is used for some parts of roofs and for many other purposes, as store fronts, panels, and 
cornices. 

Zinc. — This material is not used so much as formerly but sufficiently to be noted. 

Galvanized Iron. — ^This is a metal, which, in spite of short life unless kept well painted, is being used more and 
more in building construction, for skylights, frames, flashing, fronts, ventilators, and other purposes. 

For all materials, the specifications must cover the quality, the inspection and rejection, and the care of them 
until used. There are many national engineering and technical societies and trade associations that have adopted 
standard specifications governing the selecting and grading of most construction materials and work in connection 
with them. Some of the associations are national in scope, and some are sectional, and the latter are based upon the 
national organization but take into consideration local standards. This is the case in the lumber associations 
and the local underwriter's associations, under the national organization. 
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There are standard specifications and grading rules for lumber, cement, steel, electric ■wiring, fireproof- 
ing, stone, concrete, brick, most metals, boilers, and many other materials and items used in buildings. 
Among the organizations ha'ving such standards, besides the lumbermen’s associations and the under'WTiters’, 
already mentioned, there are the American Society of Ci'vil Engineers, the American Society of Mechanical 
En^nerers, the American Institute of Electrical Engineers, the American Institute of Architects, the American 
Society of Testing Materials, National Brick Manufactures Association, AmericanConcrete Institute, CementManu- 
facturers Association, and many others. Besides this, many bureaus of the national government and the experiment 
stations of state universities and other educational institutions have collected much data as to standards and the 
strengths of materials, ■which can be obtained for a small fee. Such standards should be followed in the regular build- 
ing specifications, but it is improper to copy these long specifications, for many builders are not accustomed to the 
special terms used in them, and they, feeling ■uncertain, protect themselves by adding a percentage to cover any re- 
jections ■under such specific specifications. Instead of copying such specifications, it is proper to mention them by 
name or state that certain pro'visions in them will be used, as those regarding lumber as set forth in the National 
Lumbermen’s Association, or, for cement, according to the standard of the American Society of Testing Materials, 
making such specifications a part and parcel of those to be used. This can be done through a long list. Any archi- 
tect or builder can obtain these standards and have them on file. Some are given in this “Handbook.” 

^XIV. Fireproofing and Fire Protection, Although the plans will naturally show much in the way of fire- 
proofing in building a fire-resistance structure, yet there are many things to be covered in the specifications, and the 
latter will give more details as to fire protection, both during the period of construction and when the building is 
finished. Walls, columns, floors, windows, and many other structural features must be fireproofed, and there are a 
number of different kinds of materials used for this purpose. Electric wire must be properly insulated and pro- 
tected. Stacks and breeching must be considered, and hot pipes must be covered. All of these details must be set 
forth in -writing. 

For fixe protection, the plumbing must be planned to care for sprinkler systems; pumps of large capacity mtist 
be installed to be started at short notice. A fire-alarm system is essential. There must be fire escapes and possibly 
lightning rods. Also, fire walls, fire doors, and shutters, and other protection measures. During building construc- 
tion, water barrels and buckets should be on band for emergencies, and if a b-uilding is to have a water tank for fire 
protection, specifications should provide for as early installation as possible of it, so that it will be of use during 
construction if it becomes necessary. Smokers will throw lighted cigars and especially lighted cigarettes around 
and out of -windows. Such facts should be taken into consideration, and inflammable materials should be used 
where such things may happen. 

• Plastering . — This must be considered with fireproofing and the article to follow. Metal lathing are 
much more protection against fire than wooden laths. Specifications must tell of mortar to be used and the number 
of coats and especially white coating. Plastering must always be taken into consideration with the walls and 
ceilings, unless hardwoods or metals are used. Then specifications should be gotten up for these items. 

XJCYI. Sound Proofing . — In high-class buildings this item of construction is becoming of much importance, 
and just how walla and floors are to be made sound proof should be defined as well as the results to be obtained. 

XXVII. Plumbing . — Definite specifications should always be used for this work, for there are many different 
qualities of plumbing. A time limit should especially be fixed for the time of starting and finishing the rough 
plumbing so as not to interfere with the progress of other work. Tests if needed and pressures for pipe and work to 
withstand should be specified, and the quality and type and style of fixtures should be explicitly designated. 

XXVIII. Refrigeration . — Many buildings now have ice water delivered throughout them. This work may 
be included in the plumbing or, with other refrigeration, may be included in a separate contract. These things 
come in connection with modern office buildings, apartments, hotels, hospitals, etc., while theaters may have a 
ventilation system connected with a refrigeration plant. Then cold-storage warehouse and ice plants call for special 
specifications as to ammonia pipes and storage, and as to special cold insulation. Thus, there may be much to 
specify as to refrigeration, insulation, pipes, and tanks. With electrical operation, care must be takento damp proof 
against short circuiting of electric currents. Specifications must be carefully written regarding all phases of 
refrigeration. 

XXIX. Heating. — This, too, may either be a subcontract -with the plumbing or may be let separately. There 
are many details and items to be considered even after the type of heating is selected. Boilers, comb-ustion, flues, 
pipes, radiators, size, and placing, and many other appurtenances. Even if outside heat is used, the specifications 
cannot be short and will take considerable space and a number of articles or subheads. 

XXX. Ventilation . — This is a subject in connection with the heating, refrigeration, and even the plumbing. 
For school buildings, public halls, theaters, and hospitals, it is of utmost importance, but it is necessary in every 
type of building. Even the roofing contract may be effected by the ventilation system. There are on the market 
a number of patented ventilatory systems in connection with the heating system. It is a poor system of ventilation 
that uses only the doors and windows. 

XXXI. Lighting . — Here is an item that must be considered with the general design of the building, and 
especially as to windows and doors. In the specifications the utility as well as the appearance must be considered. 
Plans -will show outlets, but much must be told in. the specifications. Aside from the general appearance of build- 
ings, the first criterion made against architects is the lighting of the building and skylights, especially if the latter 
leak. 

XXXII. Elevators. — This, too, is generally a subcontract, and outside of the general specifications, the sub- 
contract frequently furnishes the detail of the specifications subject to the approval of the mechanical engineer and 
the architect. 

XXXIII. Fire Escapes . — The specifications for these must conform to the building code and must tell of the 
type of construction, while the plans should show the location. 
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XXXIV. Building Hardware. — This heading is short, but it covers many detail items. The plans can tell 
little regarding the hardware; the specifications must tell. 

XXXV. Mail Tubes and Chutes. — If these are necessary, clear specifications should cover them, 

XXXVI. Telephones. — These too, if they are to be installed, should be covered by specifications telling where 
w'lres should go into each room and the location of the telephone. 

XXXVII. Glazing. — This should specifically cover all glazing, plate glass, skylights, wire glass, stain glass, 
double strength, and, in fact, all glazing, including the fastening of the glass. 

XXXVIII. Painting. — If a subcontract is made for this work, it generally includes the glazing, but in some 
cases the builder does the work with his own forces. The painting specifications should be given in detail, for 
although the plans can show the area to be painted, yet the specification must cover the number of coats, the kind 
of paint, and the quality. Paints are made for various materials, and each should be used for its special work, 
as for brick, concrete, stone, steel, iron, hot and cold, wood, galvanized iron, and other materials. 

XXXIX. Tthng. — This is likewise work that is sublet, so that specifications should be definite and go into 
detail. Unless the architect furnishes detail designs, the subcontractor submits such for the architect’s approval. 

XL. Interior Marble. — Here the architect furnishes the details of the plans and design and the specifications, 
and the builder generally sublets the work. 

XLI. Vaults and Safes. — This class of work is generally sublet as to safes and vault doors, and the architect’s 
specifications may be supplemented by those of the manufacturer’s, subject to the approval and rejection of the 
architect. 

XLII. Transmission and Machinery. — When goods and other things are to be transmitted through a building, 
or machinery installed, then very definite specifications should be drawn covering the foundations to be used and 
the installation of the machinery. 

XLIII. Specials. — There may be many other specials that may have to be covered by the specifications, such 
as water tanks, overhead cranes, railroad tracks, ovens, paving, esculators, and other items. 

XLIV. Workmanship. — This is necessary and can be dealt with under the single article, or it can be put under 
each class of work as a clause; as, for instance, under steel, the workmanship can be set forth, and the specifications 
for rivets, painting, and all details of the labor that is to be performed. This is a necessity. 

XLV. Signs. — Many signs are now used on buildings, as the owner’s, renting agent’s, architect’s, builder’s, 
subcontractor’s and others. An article should be incorporated in every specification setting forth how signs are 
to be placed, who is to pay for them, and other details as to rights and priveleges to such signs or advertising. 

6. Additions and Alternates. — Other articles and clauses as needed can be added, and room 
can also be provided for alternates furnished by builders, subcontractors, and material men. 

6. City Codes. — All construction done in towns and cities must conform to city codes, 
and the plans must be passed upon by the city building inspectors. The building inspector 
also issues a permit before the work can be started. If a fee must be paid for this permit, it is 
customary for the owner to pay it, although under some contracts the builder pays it. In many 
cases, city codes give bearing power of soils for loads and many other regulations, so that the 
specification writer must take into consideration all the regulations of the building code. The 
builder, too, must know these things. 

The builder must also conform to city ordinances regarding the safety of pedestrians and vehicles and those 
regarding the blocking and protection of sidewalks and streets. For this reason, sidewalks arc sometimes covered 
two and three times for the same job by different contractors — a great waste of money that the owner pays. This 
should be prevented by the owner’s having the work done once, and the protection’s remaining until the building 
is completed. 

7. Schedules of Materials and Work. — Following the alternates in the specifications, it is 
possible to give the schedules of materials as taken from the drawings and specifications. (Only 
recently the writer saw such schedules attached to the specifications.) This allows the con- 
tractor to know definitely what the owner and architect desire as to grades and qualities. It is 
also a check upon the plans. A builder can easily check up such a schedule from the drawings 
and specifications. Such schedules of materials also allow the contractor to obtain prices 
quickly while he is estimating on the job instead of receiving some prices after the proposal is 
submitted. 

Reference has already been made as to quantity surveying. Such surveys would give not only the schedules 
of materials but also the work or labor schedules which, if made out, should follow the list of materials. These 
schedules would make the bidders have the same knowledge of the job as the architect possesses, thus allowing closer 
and more accurate estimates to be given. 

8 . Sheets of Specifications. — In writing specifications and having certain standards, it 
becomes possible to cover the main features of a job with these standards. Thus, most of the 
concrete construction can be standard, one job being similar to another; the carpenter work 
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can be the same; likewise floors, millwork, painting, glazing, etc. Now, if the specifications for 
each class of work or type of construction are written or printed upon separate sheets, and the 
various standards not run from one sheet or set of sheets to another, it becomes very easy to 
get up a set of specifications. 

With the standard for each class work printed upon one sheet or set of sheets, the material for the various 
kinds of construction can be taken from a file and placed together according to the arrangement given in this section 
or the order adopted by the architect. Thus, the greater part of the contract form and specifications can be com- 
piled from sheets already written or printed. Blank spaces left on the bottom of these sheets or extra blank sheets 
placed in the specifications will provide ample room for wTiting out those details that must be special for each new 
job. In this manner, an architect’s specifications will vary on different jobs only for those details that must be 
gotten up specially for each undertaking. Those architects who have tried this method consider it ideal. 

9. Index. — If specifications and the contract are printed, both sides of the pages are used 
but if written, typewritten, or blueprinted, only one side of the paper is used. Whether long 
or short, the contract and specifications should have a table of contents or an index or both, so 
as to enable readily the finding of various provisions and articles. The table of contents is 
generall}" put among the first pages, following the title and copyright, while the index is the 
last thing in the book. 

10, Onerous Specifications. — In concluding, it must be remembered that vague or indefi- 
nite conditions in a contract, and such clauses and provisions in specifications, especially for 
architectural construction, have as much to do with adding to the cost as impractical and poorly 
prepared plans. Contracts and specifications must be fair and definite if good work is to be 
done at a reasonable cost. 




PART III 

MECHANICAL AND ELECTRICAL EQUIPMENT 



SECTION 1 

HEATING, VENTILATION, AND POWER 

By Iba N. Evans 


PROPERTIES OF AIR, WATER, AND STEAM 

1 Water. — Water is a chemical compound composed of 16 parts by weight of oxygen and 2 
parts hydrogen, or 2 volumes of hydrogen to 1 of oxygen (H 2 O). It is practically incompressible 
but its weight per cubic foot changes with the temperature (see Columns 1 and 6, Table 2). A 
U. S. gallon occupies 231 cu. in. and weighs, at 62 deg. F., approximately 8.33 lb., and 1 cu. ft. 
= 7.48 gal. The boihng point of water varies with the absolute pressure upon its surface 
— that is, every absolute pressure has a fixed boiling point. For example, 212 deg. F. is the boil- 
ing point for a pressure of 14.7 lb. The boiling point also changes with altitude above sea level 
due to the reduced atmospheric pressure. The following table gives the boiling point at differ- 
ent altitudes: 


Table 1. — Boiling Points op Water at Different Altitudes 


Boiling point 
(Fahr.) 

Altitude above sea level 
(feet) 

Atmospheric pressure 
(lb. per sq. in.) 

Barometer reading 
(inches of mercury) 

185® 

14,649 

8.38 

17.06 

190® 

11,800 

9.34 

19.02 

195® 

9,030 

10.39 

21.15 

200® 

6,304 

11.52 

23 47 

205® 

3,642 

12.77 

26.00 

210® 

1,025 

14.13 

28.76 


The specific heat of water, or the number of British thermal units (B t.u.) required to raise 
the temperature of 1 lb. of pure water 1 deg. F., varies slightly with the temperature, but for 
all purposes of heating it may be taken at 1 B.t.u. per lb. Table 2 is a steam table which gives 
the boiling point for various pressures. 

2. Steam. — Steam is a vapor which results from supplying sufficient heat to water- to bring 
it to the boiling point and to cause it to evaporate. The change from liquid to vapor takes 
place at a definite and constant temperature which is determined solely by the pressure on the 
water. A change in pressure will always be accompanied by a change in temperature at which 
boiling occurs, and is accompanied by a'corresponding change in the heat required to evaporate 
the water after it is brought to the boiling point, caUed latent heat of evaporation. 

2a. Steam Table. — In Table 2, pp. 1145 and 1146, the gage pressure is given 
for various temperatures, with zero reading at atmosphere. The absolute pressure is the 
gage pressure plus 14-7 lb. The density is the reciprocal of the specific volume. The total 
heat is the heat in the liquid plus the latent heat of evaporation. 

Below 212 deg. F. the pressure is tabulated on p. 1145, in inches of mercury, for use in solving 
problems dealing with condensing prime movers. The properties of steam are all tabulated for 
a weight of 1 lb. of saturated steam. The heat of the liquid and total heat are calculated above 
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Table 2. — Thermal and Physical Properties oe Water and Saturated Steam 


Marks and I>avis 


Temp- 

(Fahr.) 

CD 

Vacuum 
(inches of 
mercury) 

Gage pres- 
sure (lb. 
per sq. in.) 
(2) 

Absolute 
pressure 
(lb per 
sq. in.) 

(3) 

Specific 
volume 
(cu. ft. 
per lb.) 

C4) 

Density 
fib. per 
eu. ft.) 

(5) 

Weight of 
liquid 
(lb. per 
cu. ft.) 

(6) 

Heat of 
liquid 
(B.t.u.) 

(7) 

Latent 
heat of 
evapora- 
tion 
(B.t.u.) 

(S) 

Total 
heat of 
steam 
(B.t.u.) 

(9) 

32 

29.74 

0 .0886 

3294.0 

0.000304 

62.418 

0.00 

1073.4 

1073,4 

35 

29.71 

0.0999 

2938.0 

0.000340 

62.425 

3.02 

1071.7 

1074.7 

40 

29.67 

0.1217 

2438.0 

0.000410 

62.43 

8.05 

1068.9 

1076.9 

45 

29 620 

0.1475 

2033.0 

0.000492 

62.425 

13.07 

1066.1 

1079.2 

50 

29 560 

0 . 1780 

1702.0 

0.000587 

62.42 

18.08 

1063,3 

1081.4 

55 

29.464 

0,2140 

1430.0 

0.000700 

62.395 

23.08 

1060.6 

1083.6 

60 

29.40 

0.2562 

1208.0 

0.000828 

62.37 

28.08 

1057.8 

1085.9 

65 

29.30 

0.3054 

1024.0 

0.000977 

62 . 335 

33.07 

1055.0 

1088.1 

70 

29.18 

0.3626 

871.0 

0.001148 

62 . 300 

38.06 

1052.3 

1090.3 

75 

29.047 

0.4288 

743.0 

0.001346 

62.260' 

43.05 

1049 . 5 

1092.5 

80 

28,891 

0.505 

636.8 

0.001570 

62.220 

48.03 

1046.7 

1094.8 

85 

28.711 

0.594 

645.9 

0.001832 

62 . 165 

53.02 

1044.0 

1097.0 

90 

28 . 503 

0.696 

469.3 

0.002131 

62.110 

58.00 

1041.2 

1099.2 

95 

28 265 

0.813 

405.0 

0.002469 

62.055 

62.99 

1038.4 

1101.4 

100 

27.994 

0.946 

350.8 

0 002851 

62.00 

67.97 

1035.6 

1103.6 

105 

27 , 684 

1.098 

304.7 

0.003282 

61.930 

72.95 

1032.8 

1105.8 

110 

27.331 

1.271 

265.5 

0 003766 

61.860 

77.94 

1030.0 

1108.0 

115 

26.933 

1.467 

231.9 

0.004312 

61.785 

82.92 

1027.2 

1110.2 

120 

26.482 

1.689 

203.1 

0.004924 

61.71 

87.91 

1024.4 

1112.3 

125 

25.974 

1.938 

178.4 

0.005605 

61.63 

92.90 

1021.6 

1114.5 

130 

25.40 

2.219 

157.1 

0.006370 

61.55 

97.89 

1018.8 

1116.7 

135 

24.76 

2.533 

138.7 

0.00721 

61.465 

102.88 

1016.0 

1118.8 

140 

24.04 

2.885 

122.8 

0.00814 

61.38 

107.87 

1013.1 

1121.0 

145 

23.25 

3.277 

109.0 

0.00918 

61.29 

112.86 

1010.3 

1123.1 

150 

22.35 

3.714 

96.9 

0.01032 

61.20 

117.86 

1007.4 

1125.3 

155 

21.37 

4.199 

86.4 

0.01157 

61.10 

122.86 

1004.5 

1127.4 

160 

20.27 

4.737 

77.2 

0,01296 

61.00 

127.86 

1001.6 

1129.5 

165 

19.06 

5.333 

69.1 

0.01448 

60.90 

132.86 

998.7 

1131.6 

170 

17.72 

5.992 

62.0 

0.01614 

60.80 

137.87 

995,8 

1133.7 

175 

16.25 

6.714 

55.7 

0.01796 

60.69 

142.87 

992.9 

1135.7 

ISO 

14.63 

7.51 

60 15 

0.01994 

60.58 

147.88 

989.9 

1137.8 

185 

12.85 

8.38 

45 . 25 

0.02210 

60.47 

152.89 

986.9 

1139.8 

190 

10.90 

9.34 

40.91 

0.02444 

60.36 

157.91 

983.9 

1141.8 

195 

8.77 

10.39 

37.04 

0.02700 

60.24 

162.92 

980.9 

1143.8 

200 

6.45 

11.52 

33.6 

0.02976 

60.12 

167.94 

977.8 

1145.8 

205 

3.92 

12.77 

30.53 

0.03276 

60.00 

172.96 

974.7 

1147.7 

210 

1.16 

14.13 

27.8 

0.03597 

59 . 880 

177.99 

971.6 

1149.6 

212 

0.00 

14.7 

26.79 

0.03732 

59 .83 

180.00 

970.4 

1150.4 

215 

0.90 

15.6 

25.35 

0.03945 

59.755 

183.00 

968.4 

1151.5 

220 

2.49 

17.19 

23.15 

0.04320 

59 . 630 

188 . 10 

965.2 

1153.3 

225 

4.21 

18.91 

21.17 

0.04723 

59.500 

193.10 

962.0 

1155.1 

230 

6.07 

20.77 

19.39 

0.0516 

59.370 

198.20 

958.7 

1156.9 

235 

8.09 

22.79 

17.78 

0.0662 

59.240 

203 20 

955.4 

1158.7 

240 

10.27 

24.97 

16.32 

0.0613 

59.110 

208 . 30 

952.1 

1160.4 

245 

12.61 

27.31 

15.01 

0.0666 

58 . 970 

213.40 

948.7 

1162.1 

‘ 250 

15.12 

29.82 

13 82 

0.0724 

58.830 

218.50 

945.3 

1163.8 

255 

17.83 

32.53 

12.74 

0.0786 

68.690 

223.60 

941.9 

1165.4 

260 

20.72 

35.42 

11.76 

0.0860 

58.550 

228.60 

938.4 

1167.0 

265 

23.82 

38.52 

10.87 

0.0920 

58.405 

233.70 

934.9 

1168,6 

270 

27.15 

41.85 

10.06 

0.0994 

58.260 

238.80 

931.4 

1170.2 

275 

30.70 

45.40 

9.32 

0.1073 

58.110 

243.90 

927.9 

1171.8 

280 

”7 ^ 

34.48 

49.18 

8.64 

0.1157 

57 960 

249.00 

924.3 

1173.3 

286 

38.54 

53.24 

8.02 

0 , 1246 

57.805 

254.20 

920.5 

1174.7 

290 

42.85 

57.55 

7.46 

0.1341 

57 . 650 

259.30 

916.9 

1176.2 

292 

44,64 

59.34 

7.24 

0.1380 

57 . 586 

261.30 

915.4 

1176.8 

295 

47.43 

63.13 

6 94 

0 . 1441 

57,490 

264.40 

913.2 

1177.6 

297 

48.34 

64.04 

6.74 

0.1483 

57.426 

266.60 

911.7 

1178.2 
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Table 2 (continued). — Thebmal and Physical Pbopbeties op Water and Saturated Steam 


Temp. 

(Fahr.) 

Gage 
pressure 
(lb. per 
sq. in.) 

Absolute 
pressure 
(lb. per 
sq. in.) 

Specific 
volume 
(cu. ft. 
per lb.) 

Density 
(lb. per 
cu. ft.) 

Weight of 
liquid 
(lb. per 
cu. ft,) 

Heat of 
liquid 
(B.t.u.) 

Latent 
heat of 
evapora- 
tion 
(B.t.u.) 

Total 
heat of 
steam 
(B.t.u.) 

300 

52.30 

67.00 

6.46 

0.1547 

57.330 

269.60 

909.5 

1179.1 

302 

54.33 

69.03 

6.28 

0.1591 

57.264 

271 . 60 

908.0 

1179.6 

305 

57.47 

72.17 

6.03 

0.1659 

57.165 

274.70 

905.7 

1180.4 

307 

59.64 

74.34 

5.86 

0.1707 

57.099 

276.80 

904.2 

1181.0 

310 

62.97 

77 67 

5.62 

0.1779 

57.000 

279.90 

901.9 

1181.8 

312 

65.27 

79.97 

5.47 

0.1829 

56.932 

281.90 

900.3 

1182.3 

315 

68.79 

83.49 

5.26 

0.1904 

56 . 830 

285.00 

898.0 

1183.1 

317 

71.2 

85.90 

5.12 

0 . 1956 

56.762 

287.10 

896.5 

1183.6 

320 

74.93 

89.63 

4.91 

0.2036 

56 660 

290.20 

894,2 

1184.4 

322 

77.49 

92.19 

4.78 

0.2092 

56.588 

292.30 

892.6 

1184.9 

325 

81.45 

96.15 

4.60 

0.2176 

56 480 

295.40 

890.2 

1185.6 

327 

84.15 

98.85 

4.48 

0.2234 

56.408 

297.50 

888.7 

1186.1 

330 

88.30 

103.0 

4.306 

0.2322 

56 . 300 

300.60 

886.3 

1186.9 

332 

91.2 

105.9 

4.195 

0.2384 

56.228 

302.70 

884.7 

1187.4 

335 

95.6 

110.3 

4.035 

0.2478 

56 . 120 

305 . 80 

882.3 

1188.1 

337 

98.7 

113.4 

3.934 

0.2542 

56.048 

307.90 

880.7 

1188.6 

340 

103.3 

118.0 

3.787 

0.2641 

55.940 

311.00 

878.3 

1189.3 

342 

106.5 

121.2 

3.692 

0.2709 

55.866 

313.00 

876.7 

1189.7 

345 

111.3 

126.0 . 

3.555 

0.2813 

55.755 

316.20 

874.2 

1190.4 

347 

114.7 

129.4 

3.468 

0.2884 

55.681 

318.30 

872.6 

1190.9 

360 

119.9 

134.6 

3.342 

0.2992 

55.570 

321.40 

870.1 

1191.5 

352 

123.4 

138.1 

3.261 

0.3067 

55.492 

323.50 

868.5 

1192.0 

354 

127.0 

141.7 

3.182 

0.3143 

55.414 

325 . 60 

866.8 

1192.4 

356 

130.7 

145.4 

3.105 

0.3221 

55.336 

327.70 

865.2 

1192.9 

358 

134.4 

149.1 

3.030 

0.3301 

55.258 

329.80 

863.6 

1193.3 

360 

138.3 

153.0 

2.957 

0.3382 

55 . 180 

331.90 

861.8 

1193.7 

362 

142.2 

156.9 

2.887 

0.3464 

55 . 100 

334.00 

860.2 

1194.1 

364 

146.1 

160.8 

2.820 

0.3546 

55.020 

336.10 

858.6 

1194.6 

366 

150.2 

164.9 

2.754 

0.3631 

54.940 

338.20 

856.8 

1195.0 

368 

154.3 

169.0 

2.690 

0.3717 

54.860 

340.30 

o 855.1 

1195.4 

370 

158.6 

173.3 

2.627 

0.3806 

54.780 

342.40 

853.4 

1195.8 

372 

162.9 

177.6 

2.567 

0.3896 

54.696 

344.50 

851.7 

1196.2 

374 

167.2 

181.9 

2.508 

0.3998 

54.612 

346.60 

850.0 

1196.6 

376 

171.7 

186.4 

2.450 

0.4081 

54.528 

348.70 

848.3 

1197.0 

378 

176.2 

190.9 

2.394 

0.4177 

54.444 

350.80 

846.5 

1197.4 

380 

180.9 

195.6 

2.340 

0.4270 

54.360 

352.90 

844.8 

1197.7 

382 

185.6 

200.3 

2.287 

0.4370 

54.276 

355.00 

843.1 

1198.1 

383 1 

188,0 

202.7 

2.261 

0.4420 

54,234 

356 . 10 

842.2 

1198.3 

384 

190.4 

205.1 

2.236 

0.4470 

54.192 

357.20 

841.3 

1198.5 

385 

192.9 

207.6 

2.211 

0.4520 

54.15 

358.20 

840.5 

1198.7 

386 

195.3 

210.0 

2.186 

0.4570 

54.108 

359.30 

839.6 

1198.9 

387 

197.9 

212.6 

2.161 

0.4630 

54.066 

360.30 

838.7 

1199.0 

388 

200.4 

215.1 

2.137 

0 .4680 

54.024 

361 .40 

837.8 

1199.2 

389 

202.9 

217.6 

2.113 

0.4730 

53.982 

362.40 

837.0 

1199.4 

390 

205.5 

220.2 

2.089 

0.4790 

53.940 

363.50 

836.1 

1199.6 

391 

208.1 

222.8 

2.066 

0 .4840 

53.896 

364.60 

835.2 

1199.8 

392 

210.7 

225.4 

2.043 

0.4890 

53.852 

365.60 

834.3 

1199.9 

393 

213.3 

228.0 

2.021 

0.4950 

53.808 

366.70 

833.4 

1200 . 1 

394 

216.0 

230.7 

1.999 

0.5000 

53.764 

367.70 

832.5 

1200.3 

395 

218.7 

233.4 

1.977 

0.5060 

53 . 720 

368.80 

831.6 

1200.4 

396 

221.4 

236.1 

1.955 

0.5120 

53.676 

369.90 

830.7 

1200.6 

397 

224.1 

238.8 

1.934 

0.5170 

53 . 632 

870.90 

829.9 

1200.8 

398 

226.8 

241.5 

1.913 

0.5230 

53.588 

372.00 

829.0 

1201.0 

399 

229.6 

244.3 

1.892 

0.5290 

53.544 

373.00 

828,1 

1201.1 

400 

232.4 

247.1 

1.872 

0.5340 

53.500 

374.10 

827.2 

1201.3 

410 

261.6 

276.3 

1.679 

0.5960 

63.000 

384.70 

818.2 

1202.9 

430 

293.7 

308,4 

1.510 

0.6620 

52.600 

395 .40 

809.0 

1204.4 

430 

328.3 

343.0 

1.361 

0.7350 

52.200 

406.20 

799.6 

1206.8 

440 

366.1 

380.8 

1.229 

0.8140 

51.700 

417.00 

790.1 

1207.1 

450 

406.3 

f 

421.0 

1.110 

0.9000 

51.200 

428.00 

780.0 

1208.0 

I : 
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32 deg. F. ^that is, the amount of heat in the liquid at 32 deg. F. is taken as the zero or starting 
point, from which the above quantities are calculated. 

25. Quality of Steam. — Steam in contact with the water, as in a boiler where it is 
generated, is known as saturated steam, and is termed wet saturated or dry saturated. The 
former contains a percentage of entrained water and this percentage determines the quality — 
that is, steam with a quality of 95% is steam having 5% of its weight in the form of water 

2c. Superheated Steam. — If heat is added to dry saturated steam not in contact 
with the water and the pressure is maintained the same as when it was vaporized, it will then 
become superheated, or the temperature will be higher than that corresponding to the pressure 
at saturation. It will not become superheated in contact with the water. The specific heat 
of superheated steam changes with the pressure (0.48 average value) . Superheat increases the 
specific volume of steam — that is, a greater number of cubic feet of superheated steam are 
produced at the same pressure from a given weight of water than of saturated steam. There- 
fore more mechanical work is available from a given expenditure of heat. 

3. Air. — Pure air is a mixture of oxygen and nitrogen in proportion of 20.9% oxygen and 
79.1% nitrogen by volume, and by weight, 23% oxygen and 77% nitrogen. Air in nature 
always contains other constituents in varying amounts, such as dust, carbon dioxide (CO 2 ), 
ozone, and water vapor. The physical and thermal properties of air are given in Table 3. 
This table is used in all heating problems which follow where the heat content of air is involved. 

The specific heat of air, or the number of B.t.u. required to raise the temperature of 1 lb. 
of air 1 deg. F. is practically a constant and is taken as 0.24 B.t.u. 

The CO 2 content of air in the open varies from 4 to 6 parts in 10,000 by volume, and the 
moisture varies from a very small amount to as high as 4% by weight. These ingredients 
spread out nearly uniformly in the atmosphere. 

CO 2 is not poisonous but if present in large proportions, a person might die of suffocation. 
The amount present is regarded as an index of the quality of the air and indicates the character 
of the ventilation. It should not exceed 8 or 10 parts in 10,000 for good ventilation. 

за, Humidity. — Humidity is caused by water vapor (or moisture) being mixed 
with air in the atmosphere. The weight of water vapor a given space will contain is dependent 
entirely on the temperature — that is, the amount of vapor is exactly the same whether air is 
present or not. The air therefore simply affects the humidity by its temperature. 

зб, Relative Humidity- — Relative humidity is the ratio of the weight of water 
vapor in a given space to the weight of this vapor which the same space will contain (full satura- 
tion) at the same temperature. Under normal conditions the external air has a relative humid- 
ity varying from 50 to 75 % of full saturation. When the relative humidity is much above or 
below these limits, ill effects are experienced. 

3c. Dew Point. — Dew point is the temperature at which saturation is obtained 
for a given weight of water vapor, or the temperature where any reduction in temperature would 
cause condensation of some of the water vapor in the form of dew particles. 

HEATING 

4. Transmission of Heat. — Heat is transnaitted by conduction, convection, and radiation, 
and its intensity is measured by a thermometer. Temperature and pressure are no indication 
of work performed. They indicate merely a possible rate of performance. 

Conduction is the transmission of heat from particle to particle of the same substance. 
This transmission will occur between portions of the same substance, the heat flowing in any 
direction from the higher to the lower temperature. Time is required for conduction to take 
place and varies with the distance, nature of the material, and temperature difference. The 
coefficient of conduction is the quantity of heat which flows in a unit of time through a cross 
section of unit area and a unit of thickness with a difference of 1 deg. 

Convection is the transmission of heat by circulation of a fluid, or gas, over the surface of a 
colder or hotter body. The particles of the moving substances come in close contact with the 
hotter body and are actually heated by conduction during the period of contact and they then 



Table 3. — Propebties op Air or Weights op Air, Yapor op Water, and Saturated Mixtures op Air and Vapor op Dif- 
ferent Temperatures, Under the Ordinary Atmospheric Pressure of 29.921 In. of Mercury 
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pass on, carrying the heat absorbed and making way for fresh cooler particles. This circula- 
tion may be caused by natural forces or may be produced mechanically. The circulation of 
water in a boiler is an example of the former, while air passing over heater coils in a fan blast 
heating system is an example of the latter condition. In case the circulating medium is hotter 
than the other body, the process of heat transfer will be reversed. In general, it may be said 
that the heat transferred by convection is independent of the nature of the substance and of the 
surrounding absolute temperature. The heat transferred depends (1) on the velocity of the 
medium varying as some function of this velocity, (2) on the form and dimensions of the body, 
and (3) on the temperature difference. 

Radiation is the transmission of heat through a medium, commonly known as the ether, 
which is assumed to occupy all intermolecular spaces. Radiation takes place under the same 
law as Hght in straight lines and its intensity varies inversely as the square of the distance 
through which the heat is transmitted. Radiant heat continues to travel in a straight line 
until intercepted or absorbed by some body. The amount of radiant heat emitted or absorbed 
depends largely upon the character of the surface of the hot or cold body, and it has been found 
that the power of absorption of a substance is exactly the same as the power of emission of heat. 


Relative Radiating or Absorbing Power at 212 Deg. 



Effects of kind of 
material (Based on 
lamp black as 100 %) 


Effects of painting 
(Based on bare 
iron as 100 %) 

Lamp black 

100 


100 

75 

101 

99 * 

101 

White lead 

100 

Aluminum or r*rvpp#»T V»rori7!A 

Paper 

98 

Snow whi+ft ftnamp] 

Glass 

90 

White lead paint 

Steel 

17 

VThi+e zirifi paint 

Platinum 

Copper 

17 

7 



Radiant heat has the property of passing through dry gases without heating them to any 
appreciable extent, but air containing water vapor or dust will intercept and absorb radiant 
heat. 

6. Transmission of Heat through Building Materials. ^ — The quantities of heat trans- 
mitted through building materials are known as heat losses and should be carefully estimated. 
The following methods of computation will indicate how they may be reduced by proper con- 
struction, thereby decreasing the fuel required for heating in winter. 

The amount of heat that must be supplied in order to warm a room may be divided into : 
{a) the heat required to offset the heat transihission of walls, ceiling, roof, and floor; and (b) 
heat required to warm the air entering the room from the outside by infiltration or otherwise, 
commonly known as the air change. Heat supplied by persons, lights, machinery, and motors 
may be deducted from the sum of items (a) and (6). 


Table 4. — Usual Inside Temperatures, Degrees Fahrenheit 


Public buildings 

68 to 72 

Bath rooms 

85 

Factories 

65 

Schools." 

70 

Machine shops 

60 to 65 

Hospitals 

72 to 75 

Foundries, boiler shops 

50 to 60 

Paint shops 

80 

Residences 

70 




. 1 Experimental data in this article taken from the Univ. of Illinois Bull. 102, entitled “A Study of the Heat 
Transmission of Building Materials,” by A. C. Williard and L. C. Lichty. 
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Table 5. — Climatic Conditions in the U. S. Wind Velocities and Temperatures 


State 

City 

Temperature 

Deg. F. 

Wind velocity 

Lowest 

Average 

Maximum 

Average 

Alabama 

Mobile ... 

- 1 

57.7 




Montgomery 

- 5 

56.1 

54 

5 

Arizona 

Flagstaff 

-21 

34.8 




Phoenix 

12 

58.9 



Arkansas 

Fort Smith . . 

-15 

49.5 

66 

5 


Little Rock 

-12 

52.0 



California 

San Francisco . , , 

29 


60 

9 


Independence 

10 

48.7 




San Diego ... . . 

32 

57.2 

43 

6 

Colorado . . . . . 

Denver, . . 

-29 

38.4 

75 

7 


Grand Junction 

-16 

39.2 



Connecticut 

Southington . ... 

-19 

36.3 




Hartford 

-14 





New Haven 

-14 



. . 

District of Columbia 

Washington . . .... 

-15 

42.9 

66 

5 

Florida 

Jacksonville ..... . ... 

10 

60 9 

70 

6 


Pensacola 

7 

56.0 



Georgia 

Savannah . . . . 

s 

57.2 

88 

7 


Atlanta 

- 8 

51.4 

66 

9 

Idaho 

Boise 

-28 

39.6 

55 

4 


Lewiston 

-IS 

42.5 



Illinois 


-23 

35.9 

84 

9 


Springfield 

-22 

39.0 



Indiana 

Indianapolis 

-25 

40.4 




Evansville 

-15 

44.0 



Iowa 

Sioux City . . . 

-31 

32.1 




Keokuk ... 

-26 

37.6 

60 

8 


Dubuque 

-32 

32.0 

60 

5 

Kansas 

Wichita 

-22 

42.9 




Dodge City ... 

-26 

36.0 

75 

11 

Kentucky 

Louisville 

-20 

45.0 

60 

7 

Louisiana 

New Orleans 

7 

60.5 

66 

7 


Shreveport 

- 5 

55.7 



Maine 

Portland. . . 

— 17 

33.5 

61 

5 


East Port 

-21 

31.1 

78 

9 

Maryland 

Baltimore 

— 7 

43.3 



Massachusetts 

Boston 



72 

11 

Michigan 

Detroit*. 

— 24 

35.3 

76 

9 


Alpena 

-27 

29.1 

72 

9 

Minnesota 

Duluth 

-41 

25.5 

78 

7 


Minneapolis 

-33 

28.4 



Mississippi 

Vicksburgh 

_ 1 

56.0 

62 

6 

Missouri 

Springfield 

-29 

43.0 




St. Louis 

-22 

39.0 

80 

11 

Montana 

Helena 

-42 

30.9 

70 

6 


Havre 

-55 

27.7 

76 

11 

Nebraska 

Lincoln 

-29 

35.8 




North Platte 

-35 

34.6 

96 

9 

Nevada 

Carson City 

-22 

34.8 



New Hampshire. 

Concord 

-35 

33.1 



New Jersey 

Atlantic City. , 

— 7 

41.6 



New York 

New York City 

— 6 

40.1 

96 

9 


Saranac Lake 

-38 

34.1 

New Mexico 

Santa Fe 

— 13 

38.0 

53 

6 

N. Carolina 

Charlotte 

— 5 

49.8 

65 

5 

N. Dakota 

Bismark 

-44 

23.5 

74 

8 
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Table 5. Climatic Conditions in the U. S. Wind Velocities and Tempbhattirbs 

Continued 


State 

City 

Temperature 

Deg. F. 

Wind velocity 

Lowest 

Average 

Maximum 

Average 

Ohio 

Toledo 

-16 

36.8 

72 

9 


Columbus 

-20 

39.8 




Cincinnati 

-17 

39.0 

59 

7 

Oklahoma... 

Oklahoma 

-17 

47.1 



Oregon ..... 

Baker City 

-20 

34.1 




Portland 

- 2 

45 . 4 



Pennsylvania . 

Pittsburgh 

-20 

40.8 

69 

6 


Philadelphia }. 

- 6 

41 8 

75 

10 

Rhode Island 

Providence 

- 9 

37 5 



S. Carolina 

Charleston 

7 

56 9 




Columbia 

2 

53 5 



S. Dakota 

Huron 

-43 

25.9 

69 

10 


Yankton 

-32 

31.2 



Tennessee 

Knoxville 

-16 

47.0 

84 

5 


Memphis 

- 9 

50.7 

75 

6 


Chattanooga 

-10 

48.0 

60 

6 

Texas 

Forth Worth 

— 8 

49 5 




Galveston 

8 

56 :o 

84 

10 

Utah 

Salt Lake City 

-20 

I 39.7 

1 66 

5 

Vermont 

North Field. . . . 

— 32 

27.8 




Burlington 

-25 

32.0 



Virginia 

Lvnchburg 

— 5 

45.2 

50 



Norfolk 

2 

45.0 


Washington 

Seattle 

3 

44.3 




Spokane 

-30 

37.0 

52 

4 

W. Virginia 

Parkersburg 

— 27 

41.9 




Elkins 

-21 

38.8 



Wisconsin 

Milwaukee 

— 25 

32.4 




La Crosse 

-43 

31.2 



Wyoming 

Cheyenne . . . 

— 38 

33.7 




Lander 

-36 

29.0 




In computing the heat losses and boiler power, the first consideration is the tempesrjature range between the 
inside and outside of building. Table 4 gives the customary required inside temperature of various classes of 
buildings. Table 5 gives the lowest and average temperatures, and the maximum and average wind velocities for 
different localities. Minimum temperatures are misleading as they seldom occur, and then for only short periods. 
The beat way to determine ttie minimum temperature on which to calculate the heat losses is to compare the average 
temperature of the locality under consideration with the one in which you reside and are familiar. In New York 
the minimum temperature (Table 5) is —6 deg, P. and in Detroit, —24 deg. F., while the averages are 40.1 deg. 
F. and 35.3 deg. P., yet all contracts are let on the basis of sufficient radiation for the room temperature in 0 deg. F. 
weather, in both places. 

If radiation is provided for the minimum outside temperature, it will be at an unnecessary expense. Boiler, 
chimney, and grate should be of sufficient size to take care of the lowest temperature periods by raising the tempera- 
ture of the radiation, or pressure of the heating medium. 

The combined coefficient, XJ, may be defined as the amount of heat absorbed or given off per square foot of 
surface per hour, by radiation and convection under certain conditions of air movement, for each degree difference 
in temperature between the surface and the average temperature of the air. If the air movement is different on the 
two sides of a wall, the value of the combined coefficient will of course, be different owing to the fact that the heat 
loss by convection is different. Let Ki =« the combined coefficient for the inside wall; Ki = the combined coeffi- 
cient for the outside wall; K\{t — t\) » the heat absorbed by the inside wall per sq. ft. per hr.; and Kzdz ~ <o) = 
the heat given off by the outside wall surface per sq. ft. per hr. Then 

Ki{t — fi) =» — ta) 

in which t and t\ «= temperature of the inside air and inside wall surface respectively,- and and tz ~ temperature 
of the outside air and outside wall surface respectively. 
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The average value of K\ is 1.34 and Ki increases with the velocity of wind over the surface. K‘i is taken gener- 
ally at 3 times that of the inside wall surface. Following are the multipliers of for various wind velocities. 


Wind velocity 
(miles 

Brick 

Wood 

5 

2.38 

2.19 

10 

3.20 

2 71 

15 

3.76 

2 05 

20 

1 

4.22 

3.02 


The amount of heat that will be transmitted through a material having parallel surfaces due to a difference in 
temperature between those surfaces is termed the conductivity of the material. The amount of heat that a given 
material will transmit is directly proportional to the difference in temperature between the surfaces and inversely 
proportional to the thickness. Let C = coefficient of conductivity or B.t.u. transmitted per square foot per hour 
per inch of thickness per 1-deg. F. difference in temperature of the two surfaces; ti = temperature of the inside 
wall surface; = temperature of the outside wall surface; and X == thickness of the wall in inches Then 

C 

— ti) = heat transmitted by conduction per sq. ft. per hr. 


Tajble 6. — Coefficients to be Used in Determining “U’^ for Different Materials 


Material 

per 1 in. thick 
per sq. ft. 
per deg. 

K 

in still air per 
degree 

Factor to be 
used for Kz 

Kz 

Wind velocity 
15 to 20 miles 
per hour 

Dry brick wall 

4.0 

1.4 

3 

4 2 

Brick wall with moisture 

6.0 

1.4 

3 

4.2 

Sandstone 

9 0 

1.3 

4 

5.2 

Concrete, 1-2-4 mix 

8.3 

1.3 

4 

5.2 

Plaster or mortar 

8.0 

0.93 

3 

2.97 

Wood (fir), one surface finished 

1.0 

1.4 

3 

4.2 

Cork board 

1 0.32 

1.25 

3 

3.75 

Magnesia board 

0.50 

1 45 

3 

4.35 

Asbestos board 

0 50 

1.6 

3 

4.8 

Sheet asbestos 

0.3 

1.4 

3 

4.2 

Packed mineral wool 

0.35 

1.4 

3 

4.2 

Glass — single (91.4%, total area) 

' 2.06 

1.5 

3 

4.5 

Glass — double (J’^-in. airspace, 69.3 % area) , . 

1 5 

1 5 

3 

4.5 

Roofing — 2-in. tile* 

1 5.3 

1.25 

3 

3 75 

2-in. tile roofing, plastered* 

0.84 

1 25 

3 

1.75 

2-in. tile, M-in- plaster, both sides* 

S 1.00 

0.93 ' 

3 < 

2.79 

4-in. tile, plaster, both sides* 

0 60 

0.93 

3 

2.79 

6-in. tile, ^-^-in, plaster, both sides* 

0.47 

0.93 

3 

2.79 


* For thickness stated, not for 1 in. 


Building Insulation . — The insulation of walls and roofs of buildings is becoming a general practice. Mineral 
wool may be used packed between the joists. Sheet corkboard about 1 in. thick makes excellent insulation, Flax- 
linum and Celotex board are a form of fibrous material which is applied in sheets. 

Insolex is a form of gypsum with many minute air holes. This is poured wet between rafters and studs, making 
a porous wall 4 in. thick. 

There have been many claims that radiationmay be reduced one-half by the use of these materials. This is not 
true, as the only change in the computation of the heat losses would be in the wall and roof; the glass and infiltra- 
tion will probably remain as before. From Table 13 it is readily seen that the roof losses occur only on the top floor 
and the wall loss entire is less than one-third the heat loss, and if this were cut in half the radiation would be reduced 
by only about one-sixth. From the discussion of heat-loss factors and Table 6, it will be seen that the surface 
factor K is nearly as great as 1 in. in thickness of several materials. 

By reducing several smooth surfaces enclosing arir spaces, the thickness and quality of the insulating material 
is immaterial. Several ^^-in, wood boards with i^4-in. air spaces would probably serve as well as 1 in. of special 
material, It is an excellent practice, but multiple air spaces will give better results than an extremely thin single 
layer of very efficient material. 
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6. Calculation of Heat Transmission through Walls, Roofs, and Floors.^ — The amount 
of heat received by the inside wall surface, the amount conducted through the wall, and the 
amount emitted must all be equal. Let U = the heat transmission of the actual wall per square 
foot per hour per degree difference in temperature on the two sides. Then 


U(t - U) = Ki{t - to = - u) = - h) 


Since 


(t to = (t — ti) (^1 

1 


U) 4 " (t 2 — to) 


U - 


1 


X 


K^'^ C 


T 

5^1 

I 

I 


c^s 


I3"5r/ck yyoU 

Fig. 1. 


Q'toncreie. ...... 


Q 'zr-’P^of/oi^Hk 
,„C^039 
Piaster 




1=0.3065 


Fig. 3. 




^5tJ//a/r^ K/’JA 


'•‘•i lath and plaster 
^ Kpa93j C^d 






X 


’‘ilOement 
06 tf^aOB 

'^S^Corkboard 
€=0.32 
I 


U-T 


d93'irz^p5*dh 


30746 


I3"Br}ck wall 

Fig. 2. 

,_^-'6/r space and sti/d 
^-'Cfapboarc^j tf^=4.2 
[ .'Building paper 
I ui -lath and plasfeg Kf=0.93 
Porwoodj C=I 
,n Pbr cement O^d 
I J-5////<7/h K,=J.4. 


Fig. 4. 


=o.m 


Fig. 5. 


4"G?ncr0te~'’^ 
tl=1.3, C=S,3 

G. 6. 


The value of for paper and very thin substances may be neglected. If the wall is com- 
posed of several layers of different materials in contact with an air space of thicknesses Xi, 
Xi, Xz, etc., then 

u =- L_ 

-1,1 ,Xi,X^,X,. 

~W +'S^+rJ"+?»“+75" 

jCVI X\.2 t/i 02 O3 

K\, Kz, and C being taken from Table 6 for the particular materials involved. Figs. 1, 2, 3, 4, 5, 
and 6 illustrate the methods of computing U for various types of walls, floors, and roofs. 


It is customary for engineers to increase heat losses by a factor, called the exposure factor. Such an increase, 
however, is unnecessary if the above method is followed and the proper values used. The values in Table 7 have 
been calculated in accordance with the method above advocated, using results of the Illinois tests. If the values 
given are used with judgment, good results will be obtained. A typical heat loss schedule is given in Table 13, 
p. 1162. 

1 Method described is taken from the Univ. of 111. BvU. 102, entitled “A Study of the Heat Transmission of 
Building Materials,” by A. C. Willard and L. C. Lichty. 
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It has beeix recomia&nded that the teniporatupe difference usually considered under roofs be increased. This 
should be done with judgment since, as a rule, the top floor, with the roof loss properly figured, will have too much 
radiatioE. 

The first floor where doors occur usually has too little radiation. This is especially true when the doors are 
opened often. The elevator shaft and doors aggravate this condition as the hot air rises to the top floor. 

The following temperature differences may be taken for attic rooms and cellars: 

Closed attic — metal or slate roofs 14 deg. F. 

Closed attic^ — cement tile roofs . _ 23 deg. F. 

Cellars kept closed 32 deg. F. 

Thus, the heat loss per hour estimated for a room having a floor 1^^-in. thick over a cellar, assuming room 
heated to 70 deg. F., may be calculated as follows: 

K = 1 A both sides C = 1 

U = = 0-3413 B.t u. per hr. per sq. ft. per deg. 

Jl- + + 1:5 

1.4 ^ 1.4 ^ 1 

Heat loss per hour = (0.34131(70-32) = 13.0 B.t.u. per sq. ft Heat loss from floors that are laid directly 
on the ground may be estimated on the assumption that the ground temperature is 50 deg. F. The loss per hour 
through 4 in. of concrete for an inside temperature of 65 deg. F. is 

XJ = i = 0.8 B.t.u- per sq. ft. per deg. 

1.3 ^ 8 

Heat loss per hour = (0.8) (65-50) = 12 B.t.u. per sq. ft. 

7. Heat Loss by Infiltration. — Heat loss by infiltration is estimated in many cases by the 
number of air changes arbitrarily assumed. It is also estimated by measuring the periphery 
of the window casing, assuming a ^2 or Ke-in. crack, with the wind blowing at a certain 
velocity. This is largely dependent on the character and grade of the building construction. 
The results of these determinations are, at best, inaccurate and there is no reason for going into 
refinements of calculation beyond the limit of error of the assumptions. 

Three methods are given for determining the infiltration loss: (1) Assume arbitrarily a 
number of complete air changes of cubic contents of the buildings or rooms; (2) assume a He 
or crack all around the windows vdth a given wind velocity to determine the air change: 

and (3) assume the proper crack or opening Me iu. and determine the relation of this infiltration 
in the form of a ratio of square feet of glass to cubic contents. 


Table 8. — Results op Experiments on Air Infiltration 


Velocity of outside air 

Cubic feet per minute leakage through 14 ft. of crack. 
He -in. clearance 

Cubic feet per minute per 
foot of He-in. crack per 

(miles per hr.) 

Weather stripped 

Ordinary sash 

mile velocity 

6.0 

1.0 

I 

12.0 

0.143 

9.1 

1.6 

19.0 

0.148 

9.5 

1.65 

20.0 

0.147 

9.6 

1.75 

19.6 

0.148 


For a wind velocity of 10 miles per hour, K B-in. crack will deliver about 90 cu. ft. per running foot of crack per 
hour (0.148 X 10 X 60 = 88.8), as shown in Table 8. 

In Table 7 the air infiltration is calculated, assuming 0.147 cu. ft. per minute per running foot of Me-in. crack 
per mile velocity, the air velocity at 13 miles per hour, the air at 0 deg. F., or 0.086 lb. per cu. ft. (see Table 3), 
and specific heat at 0.24 B.t.u. (see Art. 3). The B.t.u. per hour per degree difference per running foot of crack = 
60 min. X 13 mi. per hr. X 0.147 cu. ft. per min. per ft. per mile X 0.086 X 0.24 = 2.4 B.t.u. per deg. per ft., or 
1.2 B.t.u. per deg. per ft. for l^a-in. crack. Windows on only two sides of room should be figured as the draft will 
be outward on the leeward side. 

Table 9. — Table of Assumed Air Changes 


Halls 3 per hr. 

Rooms of 1st floor 2 per hr. 

OflSces—stores 2 per hr. 

Offices — 2nd floor 1 per hr. 

Factories — ^large areas % per hr. 

Garages 2 per hr. 
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Table 10. — Relation op Am Changes to Cubic Contents 


Percentage or glass fsq. tt.'i to cubic contents (cu. tt.) 

2 

2>2 

3H 

4>2" 

6 

7 

s 

9 

Air change per hour | 


3^2 

3^ 

1 

VA 


m 

2 


Double the above amounts for rooms having doors to outside opened frequently, as on ground floors. 
Note the comparison by the above two methods in Tables 13 and 13 A. 


8. Heat Supplied by Persons, Lights, and Machinery. — The following allowances may be 
made for persons and Hghts when required, but as buildings have to be heated at times when 
these sources of heat may be absent, as Sundays, they should be made with care. It would 
probably be safer to omit them when figuring the radiation, as is generally done, and shut off 
some of the heating surface when these sources of heat are present. The heat given off by 
persons is not considered except in assembly halls. These halls are generally figured for 50 
deg. F. in 0-deg. weather when the audience is not present. 

Table 11 

Man at rest. . . . . . 

Man at work 

Electric lamps; B.t u. per hr. = watts per lamp X number X 3.415 

Motors and machinery convert some of their energy into heat if located in the same room. 
Rubber and chocolate rolls and similar classes of machinery produce great quantities of heat. 

9. Measurement of Flow of Fluids. — There are three fluids used in heating, for which pipe 
sizes have to be determined, viz., steam, water, and air. The power required for circulation 
and loss in head due to friction has to be known in determining the proper sizes of conduits. 
All fluids flowing in conduits obey the same laws and with corrections for density, the variables 
in the formulas are the same. 

The potential head, or measured head, is the vertical distance measured from some base 
line to the center of the pipe at the point under consideration. In the measurement of the flow 
of gases, as air or steam, the pressure at the point of flow has to be taken into account in deter- 
mining the density. 


. . . . 400 B.t.u. per hr. 
. , 500 B.t.u. per hr. 


The general formula for all fluids flowing in pipes is 

A =/. 


A 2g 


in which h — loss of head in friction; / = coefficient of friction, 6.02 of water (average) but it actually varies with 
the diameter of pipe and velocity; I = length in feet; R = hydraulic radius, or the perimeter divided by the area; 
2{] — 64.34; and V >== velocity in feet per second. 

For round pipes the formula reduces to 


h 


/• 


I -11 

d 2g 


The above formulas have been superseded by exponential formulas determined by nlotting the values on logarithmic 
paper and determining the angle of inclination of the straight lines. 

Diagram 1, by H. V. Carpenter, was published m Poirer, December 17, 1912. It gives steam discharge in 
pounds per minute, size of pipe, and drop in pressure per 100 ft., for sizes of pipe from 1 to 20 in. and is plotted from 
Unwin’s or Babcock’s formula, and verified by tests by R. C. Carpenter. 



in which V « velocity of the steam in feet per minute; P = drop in pressure in length L\ d ^ diameter of pipe in 
inches; y = density of the steam in pounds per cubic foot; and W »= weight of steam delivered in pounds per 
minute. 

This chart is for high pressure steam. For a 3-in. pipe, the discharge is seen to be 33 lb. per min., with 210 lb. 
average absolute pressure and 0.30 lb. drop per 100 ft. of pipe. For any lower pressure as 80 lb., follow between the 
inclined lines as shown, obtaining a discharge of 21 lb. per min. 




Inside diameter of pipe in incites 


Sec. 1-9] 


HEATING, VENTILATION, AND POWER 


Average steam pressures in ihpersq in. absoiufe 



Diaqbam 1. — Pipe capacities and pressure drop. Hjglx pressure steam. 


steam delivered in pounds per minute 
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10. Radiation. 

10a. Heat Transmission for Radiation, — Various tests have been made to 
determine the rate of transmission for radiation under varying conditions of temperature. The 
best data are those deduced by J. R. Allen when director of the laboratory of the A. S. H. and 

V. E. at Pittsburgh. Diagrams I A and IB 

are appheable to the new types of tube radia- 
tion of any manufacturer by simply substi- 
tuting the square feet per section in that 
particular manufacturer’s catalogue. The 
square feet per section on the chart is an 
average assumption in order to make the 
unit of measure per section in the same terms 
as for the old column radiation. 

The deduction takes account of the 
height, length, and width, and Diagram IB 
is compiled for a room temperature of 70 and 
215 deg. as the temperature of the medium. 

Diagram lA and Table 12 give the 
percentages required for other temperature 
conditions of the room and medium. 

The symbols in the formula are as 
follows: 


^ 200 

^ ^ ISO 
cC-iSe 



Q = total B«t.u. given off by the radiator 
per square foot per hour of uncoated 
rated surface 

R = rates of the enveloping surface to 
actual surface 

^0 7sd 200 3C0 400 500 000 700 — absolute temperature of the steam 

Radiator Temperature -R or water in the radiator in degrees 

Diagram 1 A Fahrenheit in this case (459.6 + 

215) - 674.6 deg. 

Tr = temperature of the air of the room in this case (459.6 + 70) = 529.6 deg. F. 

U — temperature of the steam or water in the radiator in this case 215 deg. F. 
tr = temperature of the room 70 deg. F. 

157 = a constant for east-iron radiation 

Kc = a constant for the radiator which, multiplied by the expression % — ir), gives the heat 
loss by convection per square foot of rated surface per hour 


Percent to be applied rad 
iation chart for various tern 
-peratures of room and radiator- 
100%. RoomTO- Radiation 215 


Q = 0.157B 




+ Kc(t. 


Substituting values, for charts, 


Q = 0.157B[(6.746)< - (5.296)"] + r.(215 deg. - 70 deg.) 
Q = 20122 + (2sr. X 145) 


Values for Kc 


Height of radiator, inches ^ 

45 

38 

36 

34 

32 

26 

23 and 
below 

Kc 

B.t.u. iKc X 145) 

1.008 

1.028 

1.042 

1.056 

1.069 

1.089 

1.096 

146 

149 

151 

153 

155 

158 

159 
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Values of R have been computed for all radiators, the convection factor added, and 
curves plotted. They prove to be straight lines in all cases. The effect of the manu- 



facturer’s rating in square feet is practically eliminated as far as influencing the transmission 
is concerned. 

The square feet marked on the lines may be neglected for that section in the catalogue 
of the particular manufacturer under consideration. 
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In arriving at the quantity marked in Diagram IS, the average square feet per section was 
used; therefore, the curves are universal for any manufacturer. 













TRANSMISSION TUBE RADIATORS 

1 MEDtUM-ZlS° ROOM-70° ^ — 
















• 








ic 12000 



C A d 8 JO JE Id J6 /8 _ 

Number of Sections 

Diagram IB. — {Continued.) 

The B.t.u. notation at the end of the curves indicates the maximum and minimum trans- 
mission per square foot of the number of sections included. Diagram 1^4. is a logarithm curve 
giving the ratio of various room- and medium-temperature differences to that of 215 and 70 
deg. on which the diagram is based. Table 12 is the same thing in analytical form. 
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Example. The heat loss of a room in Table 13 is 31,144 B.t u. Using Diagram IB for 32-in., six-tube radi- 
ators, we have one 20 section and one 11 section These give 20,000 and 11,400 B.t.u. or 31,400 B.t.u. and at 4.5 
sq. ft. per section j one 90-sq. ft. radiator and one 49.5-sq. ft or 139.5 sq. ft. total. In case the temperatures were 
170 and 70 deg. F., instead of 215 and 70 deg., we should have, by Table 12 and Diagram 1/1, 153% of the above, 
or 214 sq. ft., or 48 sections with 4.5 sq. ft. per section. If the particular catalogue hsts this radiator as 5 sq. ft. per 
section, simply list the radiator as 240 and 155 sq. ft. Let the number of tubes and sections be the determining 
factor, and neglect the square feet except as necessary to define the radiator. It will be found that manufacturers 
are listing their radiators at various ratings, although there is little or no difference in the capacities. Of course, 
the company that lists its sections at the least rating will probably have the lowest price. By means of these 
diagrams it is very easy to determine the most economical radiator based on its capacity. 

The standard for rating direct radiation, as used in manufacturers’ catalogues, is 70 deg. F. room temperature 
and 215 deg. F. inside the radiator, or 150 deg. F. difference between the room and the heating medium for steam. 
From Table 12, for a two-column, 38-in. radiator. U = 236 B.t.u., which, divided by 970 B.t.u. (the latent heat at 
atmospheric pressure), gives 0,24 lb. of steam condensed per sq. ft. per hr. Hot-water boilers and radiators are 
rated for an average temperature of water of 170 and 70 deg. F. in the room, or 150 B.t.u. 

It will be seen that very few^ of the radiators, especially when over 20 sections, give 236 B.t.u. per sq ft. or, as 
the manufacturers represent, 240 B.t.u. per sq. ft. The actual standard unit used in rating steam boilers is 
condensation per hr. per sq. ft. of radiation or 240 B.t.u. Hot-water boilers are rated on the basis of 150 B.t.u. 
per sq. ft. of Tadiation per hr. If the temperature were the same for the medium, hot water would require no more 
radiation than steam. The author, for many years, has ceased to lay out hot- water systems to operate at any 
lower pressures and temperatures than 215 deg. F., as it is useless and unnecessary expense. 

10&. Determination of Radiation. — Refer to the typical plan of Pig. 7 and the 
heat-loss schedule of Table 13. The determination of radiation should be independent of the 
medium, whether steam or water is used, as the only determining factor is the difference in the 
temperatures of the room and radiator. 

The first tabulation is computed from Diagram IB for 32-m. six-tube 4.5 sq. ft. per section at 215 and 70 deg* 
and gives 5504 sq. ft. As the temperature is 210 deg instead of 215 deg , from Diagram lA and Table 12 these will 
be 104.5% or 5751 sq. ft., which is used for Fig. 15. 

Table 12. — Cokrbction for Radiation for Various Temperatures of the Room and 


MEDiuaj, Per Cent, Per Square Feet 


Room 

tempera- 

ture 

40 deg. 

60 deg. 

70 deg. 

80 deg. 

100 deg. 

Room 

tempera- 

ture 

Radiator 


Per- 


Per- 


Per- 


Per- 


Per- 

Radiator 

tempera- 

ture 

B.t.u. 

cent- 

age 

B.t.u. 

oent- 

age 

B.t.u, 

cent- 

age 

B.t.u. 

cont- 

age 

B.t.u, 

cent- 

age 

tempera- 

ture 

160 

180 

131 

153.2 

154 

138.4 

170.4 

124 2 

190 

98.4 

240 

160 

170 

197 

119 .-8 

170 

138.8 

154 

153 

140 

168.6 

115 

205.2 

170 

180 

213 

110.8 

186 3 

126.6 

171.4 

137.7 

157.2 

150 

127.8 

184.7 

180 ' 

200 

250 

94.4 

223.2 

105.7 

208.1 

113.4 

194 

121.7 

164.7 

143.3 

20G 

210 

270 

87.4 

240 

98.3 

226 

104.5 

208 

113.5 

180 

131.1 

210 

215 

280 

84.3 

250 

94 4 

236 

100 

215 

109.8 

187 

126.2 

215 

220 

286.8 

82.3 

260.1 

90 7 

245.1 

96.3 

231 

100.2 

201.6 

117 

220 

240 

324.2 

72.8 

298.5 

79,4 

284 

83.1 

269.4 

87.6 

240 

98.3 

240 

260 

364 

64.9 

338.3 

69.8 

323.4 

73 

309.2 ' 

76.3 

280 

84.3 

260 

280 

407.4 

58.0 

380 

62.7 

365.8 

64.5 

351.6 

67.1 

322 3 

73.2 

280 

300 

451.4 

52 

424.7 

55.6 

409.8 

57.6 

395.8 

59.6 

366.2 

64.4 

300 


The number of sections are shown in column (12), the transmission from Diagram 1 J5 in column (13), the result- 
ant total B.t.u. in columns (11) and (14), and the total square feet in column (15). 

If American tube radiation is used, the number of sections in column (12) should be multiplied by 5 instead of 

4.5 or 5761 X ^ = 5751 X 1*11 = 6384 sq. ft. 

If U. S. corporation radiation were used, it would be necessary to purchase 5751 X =“ 5751 X 1.22 = 7016 
sq. ft. 

Schedule A is the same as A', only wall radiation or coils are used on the fourth floor with a transmission of 
275 B.t.u., giving a total of 5221 sq. ft, at 215 deg. in column (15), Table 13; and multiplied by 104.5% the factor 
for 210 deg. gives 6455 sq. ft., as used for Fig. 16. 

In Schedule B, we have 5391 sq. ft. of 38-in. five tube 4.5 sq. ft. per section. For 170 and 70 deg. from Table 12 
and Diagram lA, we have 153% or 8248 sq. ft. or the quantity used in Fig. 17. 





Table 13 
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Radiation at 215 deg,, room 70 deg. chart 

Schedule B 

38''-5 tube 4.6 sq. ft. 

(61) 

Total 

square 

feet 

657 

136 

108 

657 

414 

135 

558 

1,107 

621 

189 

810 

lO 

00 

TT 

00 

So 

B.t.u. 

radi- 

ator 

ooooooo oooo o ooooo 

ooooooo oooo o -ooooo 

CCCOCQO'OCOeO CO 

oocao'oo^'oo C35 Oi>rSor cT ■'tdJ'i-TrHrjTrlH’' 

rH CO ^ t-4 t- 4 W COT-lr^,-4 C4 , CO CO CM CO ,-4 


Schedule B 
170 deg.-70 
deg. X 153% 


Num- 
ber of 
sec- 
tion 

6-18 

2-19 

1-20 

1-10 

2-12 

6-18 

2-19 

1-20 

6-12 

2-15 

7-12 

2-20 

4-24 

2-21 

2-21 

4-24 

6-14 

Sched- 
ule A 
Wall 
radi- 
ator 

(91) 

Total 

square 

feet 

1-2-3 

Floors 

same 

as 

A' 

4 

floor 

wall 

radiator 

275 

B.t.u. 

3,k8 

507 

198 

668 

6,221 

uo . 

lO • 

• 

lO ■ 

Schedule k' 

32''-6 tube-4.5 sq. ft. 
per section — 

Diagram IB 


Total 

square 

feet 

to -O -OOCO ■ CO •'5f4l> .Tt40 -CSOOO 

CO -OCD • CO -COM -OSCO 

to ir~i ;rH«o . [ttHOO 

5,504 

5,751 

5,300 


Total 

B t.u. 

o -O OO • Q -oo -OO -OO 

o -o oo • O -oo -OO -OO 

CO ! 

oo ’-;J4“oO • S 'co'oo -Sc50 •Tji'co 

■<i4 .00 CO-4J4 C5 'COCO -lOCO -"^00 • 

,-1 • r-l • • 1 -i •C0r-( • r-( • 

o 

o 

00 

CO 

R 

Diagram, lA 

' for 210deg.-70 deg. X 104.5% 

Dr 220 deg.-70 deg. X 96.3 % 

s? 

B.t.u. 

radi- 

ator 

18,100 

20.000 

20,000 

11,400 

12,300 

18,100 

20,000 

22,000 

12,300 

16,200 

12,300 

21,000 

24,600 

20,000 

29,000 

24,600 

14,200 

c? 

Num- 
ber of 
sec- 
tion 

6-18 

2-20 

1-20 

1-11 

2-12 

6-18 

2-20 

1-22 

6-12 

2-16 

7-12 

2-21 

351 

4r-25 

2-20 

2-22 

4-25 

6-14 

Total 
B.t.u. 
(G) + 
(W) + 
(I) loss 

1-4 

147,276 

31,144 

26,628 

147,276 

96,430 

32,445 

127,250 

256,125 

139,270 

45,406 

183,770 

05 

CO 

05 

CO 

CN 

iH 

B.t.u. losses: Room 70 deg., outside temp. 
10 deg. 

Infiltration (I) 

B.t.u. 

(I), 

factor 

1.44 

(10) 
1.44 X 
column 
(1) X 

column 

(9) 

49,352 

11,232 

5,616 

49,352 

18,600 

7,465 

24,100 

18,500 

7,465 

24,100 

4 

•4^ 

.ijO 

1- i 

2- 2 

Num- 
ber of 
changes 

050 

Wr-4 

O 

. . . . « lO .US iO 

X X ^ S/ ^ 

CC-^ CO -CO UDCO 

lO CO 

CD 

^ So 
•3 "oM 
o 

H 

Per 

cent 

grams 

to 

cubic 

centi- 

meters 

4 

W CO CO(M 

Roof 

(R), 

factor 

20 

g 

.... ... . ^ 

. . .. • .. 

. . . . • . . • 00 05 »0 

• ••• *•* • 

Glass 

(G). 

factor 

90 

S' 

o o oo o oo -O oo ■ 

CN U5 iOtN ^ tfSO -lO W50 

ScJcfS t-Tooo" [thooo 

to tH<© IHCO tHsO 

WaU 

(W). 

factor 

17.6 

s 

OOO OOO 

o to too 00 colO -00 eoio 

»o R. ‘R 

t-T i>r iCirH to Scq [to Scf 

CO CO CO rji .CO 

Roof 

(R), 

square 

feet 

S 

. . . . . . • ^ S 

.... ... (QQQ 

Glass 

(G). 

square 

feet 

s 

738 

135 

135 

738 

465 

205 

670 

465 

205 

670 

Wall 

(W). 

square 

feet 

S 

1,790 

441 

441 

1,790 

2,050 

371 

2,435 

0. 2 
2,050 

371 

2,435 

Cubic 

con- 

tents 


<N 00 oO(N c<j oco OOO 

CO CO C<« Cs| CO eo M C<J CO o 

<D o"^* "dT ©“-tH" ©"'f 

eo rH r-(CO CO rH CO tH 

a 

o 


§ 

tH (N COtH r-t NCC a2»H IMCO 

- — 

§ 

% 


T-i CO 
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bchcdule C is used for Fig, 14 and is the same as schedule except that the average temperature is 220 deg. 
instead of 210 deg. Multiplying the radiation in column (15), Table 13, 5504 X 96.3% the factor from Table 12 
for 220 deg. instead of 215 deg,, we have a total of 5300 sq. ft. 



Table 13 A. — Infiltration by Alternate Method 
Windows only on windward sides of building, crack = 3^2 i^i. 


Floor 

Room 

Cubic 
contents 
(Fig. 7) 

B.t.u. 

(I) 

(Table 10) 

Size of 
window 
and crack 

Total 
length 
of crack 

Factor 

Table 

7 

B.t.u. 

<!') 


1 

34,272 

18,500 

3—9 X 5 

3 X 33 

96 

19,100 





2—10 X 9.75 

2 X 50 



2 

2 

10,368 

7,465 

2—8 X 10 

2 X 44 

96 

8,448 


3 

44,640 

24,100 

3—9 X 5 

3 X 33 

96 

27,550 





2—8 X 10 

2 X 50 



Total. . . 



50,065 

2—10 X 9.73 

2 X 44 


55,098 


Boof. (3-in. concrete, 13'3-in, hung ceiling with airspace) ’ 


Heat loss per aq. ft. — 0.25 X 80 = 20 B.t.u. 


Walls. (12-in. concrete, 2-in. hollow tile) 
U 


5.2 ^ 0.93 ^ 1.3 ^ 0.99 ^ 8.3 


0.222 


Heat losa per sq. ft. == 0.222 X 80 = 17.6 B.t.u. 


All these layouts would require the same grate, chimney, and a like amount of heating surface in the boiler 
although with widely varying quantities of direct radiation. These principles used in computing the schedules 
apply to all buildings and dwellings with heating surface directly connected to the boiler or heat source. Ready 
comparison may be made as to the actual effect of different assumptions on the ultimate solution. 

The roof and wall construction are assumed and heat losses figured. . The radiators marked on the plan 
(Fig. 7) are for the first condition of water or steam at 210 deg. F. and 70 deg. F. in the rooms, and — 10 deg. F. 
outside. No allowance is made for exposure and the infiltration loss is calculated by two methods which show 
about 10 % difference in results. This is well within the error of the assumptions. 

It is always safe to increase the air change to at least 1 per hour where doors open directly out of doors. This 
was done in the example under consideration. The theory of air leakage would not hold under these conditions. 
It is also wen to reduce the air change on the top floor, especially if elevator doors open into the room. These 
shafts create a natural draft tending to take the heated air from the lower floors overheating the top floor. The 
heat losses were determined regardless of the type of system or type of radiator, as they would be the same in any 
case. 
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10c, Radiators. — The heat losses of the building and rooms are compensated 
by radiators of various types. Radiators when placed directly in the rooms are known as 
direct radiators. When placed in a central location and supplied with air ducts, they are 
known as indirect radiators, the air being supplied either by a fan or by gravity circulation. 
Radiators with an out-door connection through the w’-all are known as direct indirect radiators. 

Column Radiators . — These are built up of sections of various heights put together with 
screw or push nipples. The sections are known as leg and loop sections. Each screw nipple 
has two lugs which engage a mandril so that the sections and corresponding nipples which have 
right and left threads may be screwed together. Round paper gaskets are placed betw^een the 
sections. The push nipples are machined and sections pressed together and through bolts are 
put in to hold the sections in place. 

There are also special column radiators known as circular, corner, stairway, and hot closet. These may have 
extra high legs or be legless and supported on wall brackets. 

All cast-iron radiators have top and bottom connections, whether used for steam or for water, 
AU manufacturers are making three-, four-, five-, six-tube radiators 20 in., 23 in., 26 in., 32 in., 
and 38 in. in height with 23^-in centers per section. Some make seven-tube radiators with 
3- and 23^-in. centers, these last being made 14 in., 17 in., and 20 in. high for use as a window 
type. 

The manufacturers have varied the size of sections slightly but have a wide range in rated 
catalogue square feet, so that it is rather dangerous to use the catalogue square feet, as a wide 
range in the number of sections in the final installation will result. 

Diagram 15 is especially prepared to eliminate this discrepancy and give a comparison 
in unit of heating value with the former column radiation. 

SheeLmetal Radiators . — These are almost universally made of brass or aluminum. They 
weight less than 2 lb. per sq. ft. of surface instead of 7 lb. per sq. ft. for the cast iron. 

There are several made of brass pipe wuth fins of brass, as that of the Train Company, also 
one by Rome Brass and Copper Company which is two sheets of brass spot welded and the sheets 
Detween welds formed into tubes by forcing the plates apart wuth high pressure of 1000 lb. per 
sq. in. All the present brass sheet-metal radiators will stand almost any pressure. There is 
no way of gaging the square feet of equivalent radiation, as the action is almost entirely 
by convection. 

The engineer has no means of checking the capacity of these radiators and is almost solely 
dependent on the tabulated radiator tests of the manufacturers. There are so many attendant 
conditions entering the installation of these radiators that a liberal allowance should be made. 

The weight of cast iron is a serious objection, especially for use in high buildings, as the weights have to be 
carefully determined. Where caisson work to bed rock is necessary, a reduction of 500,000 lb. weight in TOO, 000 
sq. ft. of radiation may be made by the use of sheet metal instead of cast iron. This saving in weight is equivalent 
to an increase of 2500 sq. ft. or a space 50 X 50 ft. of floor space for the same foundation, estimating 200 lb. per 
sq. ft. load on the foundation. 

A great deal has been said about corrosion in pressed-steel radiators, but if pure metal is used, and the radiators 
can be thoroughly drained, there is no danger. On hot-water systems with the water unchanged, these radiators 
will last indefinitely, as the water acts as a preservative to the iron when all air 
is removed. 

The present sheet-metal radiator with only 40-lb. test pressure is very limited in 
its use. Cast-iron radiators are tested to 80-lb. pressure, and where higher pressures 
are desired, the metal thickness may be increased to stand any desired pressure. The 
weight and cost, however, is increased in proportion to the thickness. 

Enclosod Radiators. Enclosed radiators should b© increased in 
amount of surface from 15 to 25% depending upon the type of 
enclosure. From tests by Harding and Lichty, at the University of 
the effect of shelves was to reduce the transmission 5% and, 
if very close to the top of the radiators, 10%. Recessed radiators, in, from the wall on the 
back, were reduced 10 % . The most efficient type of enclosure, reducing the efficiency to 80 % 
of the open radiator, is shown in Fig. 8. Enclosed radiators, however, are to be avoided 
if possible. 



w 


Screen S^w/efs 64^ 


Fig. 8. — ^Enclosure for con- 
cealed direct radiation. 
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On pages 1187 and 1188, Diagrams 5 and 6 provide methods of computation for exactly 
determining the transmission for enclosed radiators of the type in Fig. 8. 

The transmission of direct radiators exposed is 1.6 to 1.8 B.t.u. per deg. difference per sq. 
ft. per hour between the convected air and the medium. 

This corresponds to a velocity of 100 ft. to 150 ft. per min from Diagram 5. B 3 ^ means of 

Diagram 6, we can determine the net area of the grills and the rise in temperature of the con- 
vected air. 


Example. — If the radiator used is 3 sq. ft. per seotion spaced 2^^ in. and the grill has a 64 % area with 10 in. 
width, the area per section w’ill be 6.4 in. X 2^ = 13.12 sq. in. per section. Then 13.12/144 = 0.091 sq. ft. for 
.3 sq. ft. of heating surface. The 3.00/0.091 = 33 or the factor / used in Diagram 6 . 

If the grill is the full height of the radiator, take one-half the net area, or if it is 15 in. high with 64 % net area, 
the factor / would be 0.64 X 15 in. X 2 ^ iii./2 = 12 sq. in. net. 

12 3 

~ 77 = 0.0S3 sq. ft. net per section or — ~ 36 = /. 

144 ^ 0.083 


The area is divided by 2 on account of requiring space for the ingress of the cold air and egress of the warm air. 

We will assume / as 33 and a temperature of 215 deg. for the steam or water and 65 deg. for the room with a 
heat loss of 15,000 B.t.u. Then 9s — 6i = 150 deg. and a velocity of 100 ft. per min. We obtain from Diagram 
6 , {ds “ 6i) = 95 deg. 

(ds — 6i) — (6s — $i) ~ 62 — di — 150 — 95 55 deg. rise in the temperature of the air. r 

The specific heat of air being 0.24 and weight per cu. ft. 0.075 lb., we have the B.t.u. £ — r 

per square foot clear area at 100 ft. velocity. 100 ft. y X 60 min. X 0.24 X 0.075 lb. = 108 j valve [ 

B.t.u. per deg. difference per hour. 


108 X 55 deg. = 5940 B.t.u. per sq. 
ft. of area. 


15,000 B.t.u. 


2.6 sq. ft. 


Air va/ire 
sfectm *) 

Branch lea ^ 




Air vafve^ „ „ ^ 

The square foot of radiation per [ iPm .o f — ,, 

squaxe feet of area is 33 so 2.6 X 33 = Si 

85.8 sq. ft. With 3 ft. per section, kavipoffmfer ^ sU 

8S.8/3 = 28 sections of, say, 17-in. ■ IJ, 

seven tube. This radiator from Dia- Fig. 9 . — Header coil, 

gram IJS has a transmission exposed of 

2 X 9800 B.t.u. or the transmission of tw’o 14-section radiators or 19,600 B.t.u., and =« SO % eflBciency of the 

exposed radiator. 

By determining the clear area per unit of length of the area and the square foot of radiation for the same unit of 
length, the factor/ or the square foot of heating surface per square feet of area is determined from Diagram 6 . 


f L N ^<jrt3^ Pin JO'msIeamsysfBe? 

Fig. 9. — Header coil. 


SO % eflBciency of the 


10<i. Pipe Coils. — Pipe coils are the most efficient form of heating surface and 
when constructed properly, are really better and less offensive looking than radiators, but high 



labor costs and the cheapness of east- 
iron radiators have caused them to be 
superseded except in cases where long 
coils may be utilized, as in factory 
work, thus reducing the labor cost for 
connections. 

Two types of coils are shown in Figs. 9 and 
10 , one known as the header coil and the other 
as a return bend coil. The vertical pipes shown 
are for the purpose of taking up expansion. The 


Fig. 10.— Beturnbend coil. object may be accomplished by fitting the 

coil into a corner of the building, in which case 


the vertical pipes and headers become unnecessary. The shortest pipe in the spring piece should not be less than 
3 ft. Return bend coils are used where breaks in the the wall prevent the us of long coils. When the pipes are 
80 short as to prevent the swing of the return bend in screwing them on the pipe, right and left threaded bends are 
used generally for coils under 10 ft. long. A box coil is made from a series of return. bend coils screwed into two 
headers at the ends. With header and return bends an infinite number of combinations may be made in coil work. 

Coils are often placed overhead In factory work to get them out of the way. Since heated air rises, the heat has 
to back down to about 6 ft, from the floor before the heating effect is obtained. This means the coils are in a tem- 
perature 10 or 15 deg. higher than the a.verage room temperature. Where used on ground floors with open doors. 
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it kas been found dif&cult to get the first floor warm as most of the heat was dissipated in raising the temperature 
of the floor above. Where there are moving belts, and where high pressure steam is used with corresponding high 
temperatures, fairly good results are obtained. 

The best position for pipe coils is on the side wall under the windows. Wall radiators are often used as sub- 
stitutes for coils and this was the purpose of their original design. 

lOe. Location of Radiators. — As a general rule, the best location for radiators 
is under the windows or against an outside wall. The radiator transmission will be greater if 
placed on the outside wall due to the cooling effect of the window accelerating the upward and 
downward flow along the ceiling from the radiator, thus increasing the velocity of the air and 
the heat transmission by convection. 

% 

Persons sitting at the window will feel a disagreeable draft due to the cooling effect of the cold glass surface on 
the downward current of air, but if a radiator is placed under the window, the heat by convection from the radiator 
neutralizes the downward air current over the cold glass, thus reducing the air movement materially in the room and 

therefore counteracting the draft. However, both of these 
effects are smaU. as compared with the possible and probable 
errors of assumption in computing the heat losses and square 
feet of radiation 

11. Principles of Piping. — Figs. 11, 12, and 13 
show diagrammatic ally principles that, if observed, 
will facihtate the solution of the problem of proper 
pipe sizes for steam and water systems and insure 
better results in operation. 

Fig. 11 is the generally accepted method of 
la 3 dng out steam and water systems. Thermo- 
static traps or choke valves are absolutely necessary to insure operation when the piping is 
arranged in this manner. With the same work in each radiator and the same drop per unit of 
distance, without the thermostatic traps the fluid would actually be required to flow up hill 

Table 14. — Size of Steam Matns for 1 to 3-lb. Average Pressure 


Loss in pressure per 100 ft. run in oz. per sq. in. Steam in lb. per hr. Divide by con- 
densation factor for sq. ft. of radiation. Plotted on Diagram 2 


Velocity (ft. 
per sec.) 

10 ft. 

1 20 ft. 

30 ft. 

40 ft. 

50 ft. 

60 ft. 

70 ft. 

Nominal 

pipe 

sizes 

(inches) 

Oz. 

drop 

Lb. 

per 

hour 

1 

Oz. 

drop 

Lb. 

per 

hour 

Oz. 

drop 

Lb, 

per 

hour 

Oz. 

drop 

Lb. 

per 

hour 

Oz. 

drop 

Lb. 

per 

hour 

Oz. 

drop 

Lb. 

per 

hour 

Oz. 

drop 

Lb. 

per 

hour 

H 

0.56 

4,8 

2.24 

9.6 

5,04 

14.4 

9.0 

19.2 

14.0 

24.5 

20.2 

29 

27.5 

33.6 

1 

0.39 

7.5 

1.55 

15,0 

3.44 

22.5 

6.08 

30.0 

10.0 

37.5 

14.4 

45 

19,6 

52.5 

IH 

0.29 

11.6 

1.14 

23.2 

2.6 

34.8 

6.64 

46.0 

7.25 

58.0 

10.44 

70 

14.28 

81.0 

IH 

0.205 

16.8 

0.82 

33.6 

1.8 

50.4 

3.28 

67.0 

5.0 

84.0 

7.2 

100 

9.8 

118.0 

2 



0.48 

60.0 

1,09 

90.0 

1.92 

120.0 

3.14 

150. P 

4.36 

180 

5. 88 

210.0 

2H 



0.34 

92.8 

0.76 

139.5 

1.34 

186.0 

2.11 

232.0 

3.04 

278 

4.1 

326.0 

3 



0.25 

134.0 

0.56 

200.7 

1.0 

267.0 

1.56 

334.0 

2.25 

401 

3.06 

468.0 

3H 




182.0 

0.48 

274.0 

0.82 

365.0 

1.32 

456.0 

1.9 

647 

2.56 

638.0 

4 





0,37 

357.0 

0.66 

476.0 

1.04 

695.0 

1.5 

714 

2.04 

833.0 








0.53 

602.0 

0.82 

752.0 

1.2 

902 

1.64 

1,052.0 

5 







0.48 

; 744.0 

0.75 

930.0 

l.OS 

1,116 

1.47 

1,302.0 

6 







0.39 

1,073.0 

0.56 

1,341.0 

0.83 

1,609 

1.13 

1,877.0 

7 







0.29 

1,460.0 

0.45 

1,826.0 

0.65 

2,190 

0.88 

2,555.0 

8 







0.25 

1,908.0 

0.39 

2,386.0 

0.56 

2,862 

0.76 

3,339.0 

9 




/ 





0.33 

3,021.0 

0.47 

3,624 

0.64 

4,228.0 

10 









0.3 

3,720.0 

0.43 

4,464 

0.58 

6,208.0 

12 









0.26 

5,370.0 

0.34 

6,444 

0.46 

7,518.0 

14 











0.28 

6,844 

0.38 

10,227.0 

16 











0.24 

11,493 

0.32 

13,366.0 



Fig. 11. — Diagram showing distances unbal- 
anced, with supply and return flowing in opposite 
directions, causing the cooling increments to be 
positive and negative. 
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or from a lower to a higher pressure or temperature. There would be in any case, a retarda- 
tion of the flow and this is frequently the cause of trouble on heating systems, although some- 
what exaggerated in the sketch. By observing the above principles, errors of calculation 
and assumption are largely eliminated and adjustments of flow after installation are avoided. 



Fig. 12. Method of balancing distances on piping for Fig. 13. — Cooling increments all positive, 
steam or water. Cooling increments are always positive, distances balanced, 

and return and supply flow in the same direction. 

In Figs. 12 and 13 all radiators are exactly the same distance from the source and the cooling increments are all 
in the same direction or added in the direction of the flow. Fig, 13 is a method applying to hot water systems where- 
by the radiators are shunted, although the radiators at A may be somewhat cooler than those at .B ; it is readily 
seen that all cooling effects are in the same direction, and as the average mean, temperature is used, it will have 
little effect on the system. In Fig. 13 all tees are full size on the run which has a great deal to do with reducing 
friction, as reducing tees offer the greatest obstruction to flow. This defect does not appear in systems of steam 
and water with low velocities. All pipes should also be carefully reamed to remove the burr, as sometimes 54 in. 
of the diameter is lost where the burr is left. 

The principle involved in a shunt circuit may be stated as follows: The drop in pressure between B' and B is 
the same through the radiator as through the main. The quantity of -water flowing from C to B' is the same as 
from B' to B through both passages (Fig. 13). From formula of Ait. 9 for loss of head in friction 

IZ! = bZj! 

d di 

in which IV and d refer to the main and Zi, Vi, and di to the shunt This formula gives the relation 

between the velocities in the two circuits between B and B' and makes possible the solution of the proper size of 
pipes for any required flow. 


Table 14 (continued) 


80 ft. 


)0 ft. 

100 ft. 

1 

10 ft. 

120 ft. 

130 ft. 1 oz. drop 

Oz. 

drop 

Lb. 

per 

hour 

Oz. 

drop 

Lb. 

per 

hour 

Oz. 

drop 

Lb. 

per 

hour 

Oz. 

drop 

Lb. 

per 

hour 

Oz. 

drop 

Lb. 

per 

hour 

Oz. 

drop 

Lb. Ve- 

per loc" 

hour ity , 

drop 

36.0 

38.4 

45.4 

43.2 

56.0 

48 






13.2 6.2 

26.6 

60,0 

32.4 

67.5 

40,0 

75 





— 

IS. 8 12.0 

18.6 

12.8 

7.68 

92.8 

134.4 

240.0 

23.5 

16.2 

10.17 

104.4 

160.2 

270.0 

29.0 

20.0 
12.6 

116 

168 

300 

24.8 

15.25 

184.8 

330.0 



.... 

22.5 37.2 

29.0 86.0 

6.4 

371.0 

6.8 

418.5 

8.4 

465 

10.21 

511.5 




34.5 160.0 

4.0 

3.3 

534.0 

730.0 

6.06 

4.21 

602.1 
821 0 

6.24 

5.3 

669 

912 

7.55 

6.4 

735.9 

1,003.0 

7.6 

1,094 

9.0 

40.0 267.0 

1,186 43.4 400.0 

2.64 

952.0 

•3.33 

1,071.0 

4.16 

1,190 

5,04 

1,309.0 

5.9 

1,428 

7.03 

1,547 49.0 585.0 

2.13 

1,203.0 

2.7 

1,354.0 

3.3 

1,504 

4.22 

1,654.0 

4.8 

1,804 

5.6 

1,955 54.8 830.0 

1.92 

1,488.0 

2.43 

1,674.0 

3.0 

1,861 

3.68 

2,046.0 

4.32 

2,232 

5.12 

2,418 68.0 1,080.0 

1.47 

2,146.0 

1.87 

2,414.0 

2.3 

2,682 

2.78 

2,950.0 

3.32 

3,218 

3.84 

3,486 66.0 1,770.0 

1.16 

2,920.0 

1.46 

3,285.0 

1.8 

3,650 

2.19 

4,015.0 1 

2.60 

4,380 

3.04 

,4,746 74.3 2,712.0 

1.0 

3,816.0 

1.26 

4,293.0 

1.65 

4,770 

1.86 

5,247.0 

2.26 

5,724 

3.62 

6,201 80.0 3,810.0 

0.84 

4,833.0 

1.06 

5,437.0 

1.3 

6,041 

1.58 

6,646.0 

1.87 

7,249 

2.2 

7,853 87.4 5,280.0 

0.76 

6,952.0 

0.96 

6,696.0 

1.2 

7,440 

1.44 

8,184.0 

1.71 

8,928 

2.0 

9,672 92.0 6,870.0 

0.61 

8,692.0 

0.76 

9,666.0 

0.96 

10,740 

1.15 

11,814.0 

1.36 

12,888 

1.6 

13,962 103 0 11,100.0 

0.50 

11,688.0 

0.64 

13,140.0 

0.784 

14,610 

0.95 

16.071.0 

1.14 

17,632 

1.34 

18,993 113.0 16,590.0 

0.42 

16.264.0 

0.63 

17,172.0 : 

0.66 

19,080 

0.80 

20.988.0 

0.96 

22,986 

1.12 

24.894 123.0 23,490.0 


74 
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12. Low Pressure Gravity Steam System. — The boiler on this type of system is connected 
to the radiators by a series of supply and return pipes, arranged so that the condensation flows 
back to the boiler by gravity. Hadiators may be connected with single pipe risers and runouts 
or with separate supply and returns, known as one and two pipe systems of piping. 

AH st<?ain systems connected in direct circuit with the boiler require a head of water in the vertical return as it 
enters, to counterbalance the difference in pressure in the boiler and radiation due to the condensation of the steam 
and friction of the fluid. This necessitates a difference in level between the lowest dry return pipe and the water 
line of the boiler of 2 ft. for each 1 lb. difference in pressure, or, in most cases, 3 or 4 ft. The greater the initial 
pressure carried, the greater the difference in level required. If the dry return is too close to the water line, water 
will collect in the horizontal pipe, and failing to retiirn, will cause low water in the boiler. If the boiler pressure is 
lowered, the necessary counterbalancing head in the return is also reduced and the water will flow back to the boiler. 
The job, however, should be designed so this wll not occur or it should be remedied by raising the return or lower- 
ing the boiler. Returns are known as wet and dry. Those above the water line carry very wet steam and water, 
and those below the water line, known as wet returns, carry water only. 

12a. Size of Steam Pipes. — Diagram 2 and Table 14 may be used for the steam 
lines on all low pressure steam systems from atmosphere to 10-lb. pressure. Their use will 
give somewhat greater capacity at the higher pressures due to the increase of the density of the 
steam. Diagram 2 shows two sets of lines, one dash and one full. The dash lines refer to the 



Fis. 14. — liow pressure steam, 1-lb. to 5-lb. pressure, 220 deg. F., Schedule “C’’ (Table 13), Overhead down feed, 
one and two pipe; also one and two pipe up feed. 

lower scale for pounds of steam, and the full lines to the upper scale, which is 100 times the 
lower. The pressure drop per 100 lin. ft. is in pounds per square inch, and dotted lines show 
equal pressure drop in ounces per square inch per 100 lin. ft. In order to use this diagram and 
table it is necessary to know (1) the pounds of steam per hour (determined from the heat loss 
of the building plus 25% divided by the latent heat of evaporation), and (2) the friction head 
(drop) in pounds per square inch per 100-ft. length (determined from the maximum allowable 
friction head divided by the length of the circuit). If the piping is arranged in the proper 
manner, the branch circuits may be designed from the equalization table, Table 15. 
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Table 15. — T a b le of Number of Pipes op Equivalent Area, also Number Having ' 
Same Discharge for Same Length (% in. to 12 in.) 


376.0 183.4 123.6 



102.6 

64.6 

36.4 

24.4 

17.8 

33.7 

23.7 

15.3 

11.45 

8.85 

63.6 

40.1 

22.6 

15.11 

11.11 

23.5 

16.3 

10.7 

8.0 

6.2 

48.1 

30.3 

17.07 

11.43 

8.33 

19.0 

13.14 

8.5 

6.35 

4.93 

35.0 

22.1 

12.44 

8.33 

6.07 

15.0 

10.5 

6.8 

5.07 

3.93 

^ 25.0 

15.8 

8.9 

5.95 

4.33 

11.5 

8.15 

5.25 

3.92 

3.04 

17.1 

10.7 

6.03 

4.04 

2.94 

8.6 

6.05 

3.9 

2.92 

2.26 

10.5 

6.6 

3.72 

2.5 

1.81 

6.0 

4.2 

2.72 

2.02 

1.57 

7.8 

4.9 

2.76 

1.86 

1.34 

4.75 

3.34 

2.16 

1.61 

1.25 


60% 
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126. Size of Return Pipes. — James A, Donnelly has deduced the sizes of return 
pipes for various systems as shown in Table 16. The theoretical size of return main in any 
steam heating system will depend upon (1) the allowable pressure drop in the main, usually 
taken the same as for the steam main, and (2) upon whether the main is wet (run below the 
water ime of boiler) or dry (run above the water line of the boiler). In the case of wet returns 
the main carries only water. Assuming the same friction pressure loss as for steam and with 
water flowing in the pipes, the weight will vary as the square root of the densities for same pres- 
sure drop and pipe size, or a wet return has 40 times the capacity of a dry return. These capac- 
ities are given in square feet of radiation at 0.3 lb. per sq. ft. per hr. as the condensation factor. 

Table 16. — Maximum Capacity of Steam and Betuunt Mains for Runs op 

Moderate Length^ 

In this table the maximuiu capacity of return mains is given for various percentages of steam earned, as well as 
the steam rating of pipes from ^ to 16 in. These quantities are all figtired for a drop in pressure of 1 oz. per sq. in. , 
per 100 ft. in straight pipe and are expressed in sq. ft. of radiation with a condensation factor of 0.3 Ib. per sq. ft. per 
hour. 


Size 

(in.) 

A 

Steam 

rating 

(Dry steam) 

B 

Wet 
return 
(Column 
“A” X 40) 

c 

2H% 

steam 

(Column 

*‘A”X20) 

D 

5 % 
steam 
(Column 

“A»’X13M) 

E 

7M% 

steam 
(Column 
“A” X 10) 

F 

10 5^ 
steam 
(Column 
^‘A’' X 8) 

G 

15% 

steam 

(Column 

*‘A”X5.7) 

H 

■ 20% 
steam 
(Column 
"A” X 4.4) 


5 

200 

100 

67.5 

50 

40 

27 

22 

H 

20 

800 

400 

270 

200 

160 

114 

88 

1 

40 

1,600 

800 

540 

400 

320 

228 

176 

XH 

75 

3,000 

1,300 

1,012 

750 

600 

427 

330 


150 

6,000 

3,000 

2,024 

1,500 

1,200 

855 

660 

2 

300 

12.000 

6,000 

4,050 

3,000 

2,400 

1,710 

1,320 


SCO 

20.000 

10,000 

6,750 

5,000 

4,000 

2,850 

2,200 

3 

9C0 

36,000 

18,000 

12,150 

9,000 

7,200 

5,130 

3,960 


1,500 

60,000 

30,000 

20,250 

15,000 

12,000 

8,550 

6,600 

4 

2,000 

80,000 

40,000 

27,000 

20,000 

16,000 

11,400 

8,800 


2,800 


56,000 

37,800 

28,000 

22,400 

15,060 

12,320 

5 

3,600 ! 



f 48,600 

36,000 

28,800 

20,520 

15,840 

6 

6,000 



1 60,000 

48,000 

34,200 

26,400 

7 

9,000 




72,000 

51,300 

39,600 

8 

13,000 

1 . ... 





74,000 

57,200 

9 

18,000 






79,200 

10 

23,000 








12 

37,000 








14 

55,000 








16 

78,000 







1 


1 By James A. Donnelly. 

Column “A,” steam rating in standard direct radiation for piping within buildings for all classes of systems. 

Column “B,” rating for wet return main of a gravity system. 

Column “C," rating for main return of the positive differential system. 

Column “D/* rating for the main return when it is above the water line in a dry return gravity system. 

Column rating for the branch returns of the positive differential system, and for the branch returns that 

are above the water line in a wet return gravity system. 

Column “ F,” rating for the branch returns of a dry return gravity system. 

Columns "G” and rating for gravity systems where the returns have unusual condensing capacity and 

for the returns in vacuum systems where jet water is used. 

If it is desired to apportion the sizes more accurately, follow each circuit and branch with the distances, read- 
ing the drops from the discharge on Diagram 2. The sum of the drops for flow on all oircxiits, drawing a line from 
boiler through the radiator and back, should all equal the same total sum of 2-oz. drop per 100 ft. or a total of 8 oz. 
All risers and mains should be dripped and <5heck8 or thermostatic traps placed at points marked “A” in Fig. 
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12c. Illustrative Problem. — Fig. 14 is a steam piping layout. One-half of the building has a one- 
pipe up feed and the other half an overhead down feed piping system. Practically 220 deg. average, or 2 to 5-lb. 
steam pressure is used. From Fig 7 and Table 13, B.t u. losses per hour = 1,232,000 -j- 25% = 1,540,000 B.t.u. 

1 540 000 

Divide by the latent heat of steam at 220 deg. F., or 956 B.t.u. — ~ 1600 lb. of steam per hr. with 531 0 sq 

ft. of surface (schedule “ C”). The length of the circuit on the overhead system w'ill be 400 ft. The available drop 
in pressure in feet of water is equal to the difference between the height of the water line in the boiler and the height 
of the water in the return main — say 18 in. of water column, or, with 0.43 lb. per ft. = 1.5 X 0.43 — 0.645 lb. or 
10 32 X 100 

0.645 X 16 = 10 32 oz. — ^00 2.6-oz. drop in pressure per 100 ft. — say 2 oz. to be conservative. If 

1600 

there are 5300 sq. ft. of surface, 1600 lb. of steam per hr., and 2 oz. drop per 100-ft. run, we have = 0.3 lb. of 

steam per sq. ft. of heating surface per hr. In Diagram 2, use the hne of 2-oz. drop which shows a 5-in. main will 
be large enough. If we assume 1-oz. drop per 100 ft., it will require a 6-in. line. Use a 5-in. line with covered 
risers, or a 6-in. line uncovered. 

As the total heat loss of the building was used, the point of capacity for covered or uncovered pipes is not so 
important, as the greater radiation will reduce the pressure required to heat the building, increasing the drop and 
velocity. 

The 5-in. mam, being divided into 2 branches. Table 15 shows 1.8 of 4-in. pipes equal a 5-in. pipe and, there- 
fore. two 4-in. branches will be a little larger than the 5-in. main A 4 in. has 65.5 times the capacity of a %-m. pipe 

2650 40.6 X 100 

(Table 15). For one-half the surface, or 2650 sq. ft , = 40 6 ^-in pipes or “ 1 53 of pipes 

per 100 sq. ft. of surface. Riser 1 has 260 sq. ft.; therefore, 2.60 X 1.52 — 4.0 of ^^-in. pipes, or one 1 H-in. pipe 
(Table 15). 'Riser 2 has 305 sq. ft.; therefore, 3.05 X 1-52 = 4.7 of |^-in. pipes, or one 1 pipe, etc. For 

return pipe, use Table 16, Column F. 

For one-pipe up feed system, double the riser connections in size as there will be water and steam flowing in 
opposite directions — that is, use 3.2 of ^-in. pipes per 100 sq. ft. for riser and 1.52 of %-in. pipes per 100 sq. ft. for 
steam main. 

Fig. 14 is intended to show diagrammatically different methods of connecting risers and radiators applicable to 
aU steam, vacuum and vapor systems. The use of automatic vents and thermo-traps would form a vapor system 
when connected directly to boilers; with mechanical air removal and traps and pumps would be a vacuum system; 
with all appliances left off and directly to boiler would be a gravity return system. 

13. Forced Hot Water System. — Diagram 3 is the result of a comparison of more than 
seven friction formulas pubhshed by the writer in Powers July 9, 1912. The average seemed 
to agree nearest to William and Hazen’s formula: 

0.000371^, 

H — friction head, feet of water. 

I ~ length in feet. 

V — velocity, in feet per second. 
d — diameter of pipe, in feet. 

If all units are equidistant from the source in the layout of any piping system, the length in 
the formula may be disregarded as the distances are balances. 

In any case, no matter how complicated the piping system, the head through all circuits and fluid passages will 
be the same,^ and the velocity of the flows will adjust itself accordingly. It often occurs that with some layouts the 
problem becomes indeterminate, and these constructions should be avoided by reducing to a minimum the number 
of passages for the fluid. Effort should be made to avoid complicated systems requiring accurate determination 
of the drop and to so plan the circuits that they will give the proportional flow required for each branch, with a 
minimum of computation. 

13a. Pumps for Forced Hot Water Systems. — On large plants two pumps should 
be used, one electric and one steam driven. If these pumps have a rating for the total capacity 
of the system, they should be placed in series; if the rated capacity is 3^ of the maximum or less, 
they should be placed in parallel. 

The pumps should be double suction with hollow impeller, preferably of brass or bronze, 
with water packed bearings. 

B.t.u. per hr. X 7.5 ,, 

Tem p rdrop X 60 min. X wt. per curfi r at mean temp. = P““P 

Gal., per min. X ^ X 8.3 lb. . tl . . 

~3 3,TOd X eff. (50 to 70%) = horsepower of prime mover 

in which h = total friction head 5 plus safety factor in feet. 
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After calculation of required quantities, the nearest size frame built by the manufacturer 
should be determined and the layout adjusted accordingly. 

The curves of these pumps are such that when the head reaches the maximum point, the discharge falls off to 
nothing at the rated speed, or the discharge increases to a certain point and cannot be increased except by an increase 
in speed. 

If the friction on the piping for a certain capacity is greater than the rated head on the pump, the discharge 
will be reduced- If the friction is less, the discharge win increase until there is a balance and the motor is apt to 
overload due to the increased horsepower . 

When the head on the gages shows the same as the rated head of the pump, the pump may not be delivering the 
water. There are a large number of installations where the water delivered is not even near the capacity of the 
pump. It is good practice when using motor driven pumps in places where they receive little attention, to specify 
a Cutler Hammer overload release so the motor will be thrown out of circuit automatically when overloaded. 



Pig. 16. — Overhead forced hot water system layout, 210 deg. average temperature, 20 deg. drop. Schedule “A’*# 

(Table 13). 


136. Illustrative 'Prohlem.—Overhecid Piping (Pig. 15). — 210 deg. F. average — 20 deg. drop. W = 
59.8 lb. per cu. ft. Total length of circuit is 450 ft. (From Table 2, p. 1081, Column 6). 

Total B.t.u. 1,232,000 

25% 308,000 


Total 1,540,000 B.t.u. per hr. (Table 13) 

1,540,000 

60 inia: ~ X20 deg. X 59.8 “ X ’’•5 “ 162 8»1- Per min. 

Table 13, schedule '‘A” gives 5788 square feet of 3-column radiators for this layout. 

Water per sq. ft. *= = 0.028 gal. per sq. ft. or 2.81 gal. per 100 sq. ft. per min. 

Assume 35-ft. head for total lift for friction. 


162 X 8.31b. X 36 1.43 

33,000 ft.-lb. 0.50 eff. 


2.86 hp., say 3-hp. motor. 


36 X 100 
460 


7.77 ft. head per 100 ft. 


Diagram 3 shows 160 gal. in 3-in. pipe at about 7 ft. per sec. A 3-in. main will be ample by easing up the rest 
sf the eaxouit and have plenty of power in the motor to spare. This makes 2.82 or 3 gal. per min. per 100 sq. ft. for 


Sec. 1-14] 


HEATING, VENTILATION, AND POWER 


1175 


the radiation. Using Table 15 for equalization of pipes, a 3-in. pipe is equivalent to 32 ^:jt-in. pipes and two 2 J^-in. 
pipes are equivalent to 36 ^-in. pipes, so the two branch supply mains in roof and returns with basement will be 
in. each which will reduce the head slightly to make up for the slight excess head in the 3-in. cap using the same 
drop per 100 ft., in this case 7 ft., and from the gallons we can size pipes from Diagram 3 and Table 15, 

Riser 1 has 7.8 gal., and as all distances are alike, they can be neglected. From Diagram 3, riser 1 is 1 in., 
Riser 2 requires 8.4 gal. and will be 1 in. as a 1 in. gives over 9 gal. per min. for 7 ft. loss in head per 100 ft. (Diagram 
3), etc. Continue as indicated. 

The pump should be 2}-^ or 3-in. double suction with brass impeller ring bearings and water packed stuffing 
boxes on the pump. A 3-valve by-pass should be arranged so the water may be circulated by gravity at times. 
.4ir traps and air valves should be placed at all points necessary to relieve the air, as shown in Fig. 15. 

The expansion tank (Fig. 15Aj should be supplied wdth pop valve set at 10 lb. • It should also be supplied with 
an automatic water feeder and swing check valve, to break any vacuum. Care must be exercised to see that the 
city water pressure to the automatic water feeder is sufficient to overcome the static head of 70 ft. plus the 10-lb. pop 
valve or a total pressure in the basement in this case of 45 lb. per sq. in. 

The return from the heating system forms the suction of the pump and the discharge is led into the return 
openings of the boiler. With down draft boilers, all connections should be tied together. It is well to make a 
double connection to the supply so as to reduce resistance. 



Fig. 15A. — Arrangement of expansion tank and fixtures for closed hot water heating systems operating with tem- 
perature above 210 deg. F. 

14. Gravity Hot Water Heating. — The same formulas for discharge of pipes do not hold 
for. lower velocities than 2 or 3 ft. per sec., as occur in gravity water heating. I. V. Serginsky 
in the Heating and V entilating Magazine, November, 1913, translated and gave the formulas of 

Dr. E. Biel. There are two critical velocities: Vi = ‘tb.e lower critical velocity; and Vn 

— — the upper critical velocity. The proper selection of the formulas (A), (B), and (C) 
■yd 

given below is made, using (A) for velocities below Vi, {B) for velocities between Vi and 
and (C) for velocities above T 2 . Both Vi and V 2 are in feet per second and d = internal diam- 
eter of pipe in inches, h = head in inches of water at the average temperature of that in the 
system (for head in feet of water divide by 12). 

These formulas from which Diagram 4 was constructed, are as follows: 

h 

h 

h 


= 0.0111 


d^ 


^^'(0.1757) (0.33 + 1^) 


d 

d 


0.226 , 0.288\ 


( 0 . 1757 )( 0.12 + ^ + ^; 


(^) 

(B) 

(C) 



Cubic feet of water =■ 
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As various temperatures and heights may occur in hot water heating, the writer arranged Diagram 4 to read 
in feet head drop per 100-ft. length of standard pipe. The discharge is in cubic feet per hour for the average weight 
per cubic foot. The chart is universal for any temperature condition as the feet head of water will be proportional 
to the weight per cubic foot. This is not true where specific conditions of temperature are named. 

The total head available for gravity heating is the difference in w'cights per cubic foot at the final and initial 
water temperatures divided by the weight per cubic foot at the average temperature multiplied by the average 
height of the system. To determine the cubic feet per hour, divide the heat loss multiplied by 125 % by the product 
of the assumed temperature drop by the weight per cubic foot at the average water temperature. The result will 
be the cubic discharge for the whole system. Using Diagram 4, the main may be directly determined. For other 
circuits, divide the total cubic feet by the total square feet of radiation and determine the size for subsidiary circuits 
in the same manner. If mains are laid out so radiators are equidistant from the boiler, the rest of the sizes can be 
read from equalization Table 15 in proportion to the square feet of heating surface installed. This applies to all 
gravity hot water heating plants of all descriptions. 



Fig. 16. — Gravity hot water heating system layout, 210 deg. average temperature, 30 deg. drop, shunt system^ 

single main in basement. 


Table 15 is an equalization table based on the friction formula, p. 1106, used for Diagram. 
3. Tests give higher values for the smaller size pipes, so there is a safeguard of about 10 % 
where the larger size pipes are in terms of the smaller. The light face figures are the number 
of pipes of equivalent area; the heavy face figures, the number with the same drop in friction 
head for the same discharge per unit of time. The heavy lines drawn diagonally and figures 
on the margin give the ratio on area increase for the number of smaller pipes and also the ratio 
of the decrease in velocity. 

All water systems with a temperature over 180 deg. maximum should be closed systems with a pop valve set at 
least 5 lb. above the pressure corresponding to the maximum temperature, i.e., 220 deg. requires a 10-lb. pop 
valve. All water systems below 180 deg. maximum temperature may be open systems, but it will be found that all 
hot water systems circulate better under some pressure. 

Objection has been made to closed water systems as being dangerous due to likelihood of explosion. This is 
erroneous provided proper safety valves are used. There is just as much danger of blowing all the water out of 
the open system and cracking the cast-iron boiler if cold water enters, as there is from a possible rupture from a 
water temperature of 220 deg. with a proper safety valve. Safety valves on all heating systems should be proportioned 
to the grate area of the boiler as this is the source of the maximum available energy, 

14a. Illustrative Problem. — Closed Gravity Mot Water System. — Fig. 16 is a layout for a gravity 
hot water system for the same problem as Fig. 15 with the main below, all risers shunted, and coils on the fourth 
floor. Water is taken at 210 deg. average temperature with 30-deg. drop. This will have to be a closed system 
with the expansion tank of the same type as the forced hot water system (Figs. 15 and 15 A). This will give a 
maximum temperature in the system of 225 deg. or the same as 5-lb. steam, and requires a 10-lb. pop valve on 
the expansion tank. 
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Heat loss phis 25% as before =» 1,640,000 B.t.u. (Table 13) 
Average height of system — schedule “A,” Table 13. 

4th fl. 1360 X 55 « 74,800 
3rd fl. 1230 X 40 =* 49,200 
2nd fl. 1230 X 20 = 24,600 

lat n. X iS 161,760 

Average height ** 29.6 ft., say 30 ft. 


Heating surface =» 5465 sq. ft. Schedule A, Table 13. 

Length of main = 300 ft. on basement ceiling. 

From Table 2, p. 1145, column (6), W at 210 deg. F. average temperature =59.88 lb,, at 226 deg. F. = 59.5 lb., 
and at 195 deg. F. = 60.24 lb. 


1,540,000 


: 860 cu. ft. per hr. 


30 X 59.88 

— = 15.73 cu. ft. per hr. per 100 sq. ft. of surface. 

5465 

Head = X 30 ft. = 0.371 ft. of water, 

oy.ocs 

0 371 V 100 

— — s= 0.1236 ft. drop per 100 ft. of main; the size of one pipe necessary is 6 m. 

300 


From Diagram 4, with a drop of 0.1236 ft. per 100 ft. and a discharge of 862 cu. ft. per hr., this figures a 6-in. main 
because the distance is shorter and the drop is greater than in Fig. 17. 

Each of the two branch mains should be (from Table 15) two 5 in. as 1.62 of 5-in. mains equal one 6-in. main. 



Fig. 17. — Overhead gravity hot water open tank system layout, 170 deg. average temperature, 25 deg drop. 


In this system each riser and radiator is connected directly off the main and the power of circulation is derived 
from the cooling of the radiators. The connection practically increases the size of the main. The head will have 
to be decreased through the risers and radiators as the temperature falls along the line; there will be only a small part 
of the drop in temperature through any radiator. We have for the main 0.1277 ft. drop per lOO-ft. and a 6-in. 
dividing into two 5-in. branches. In this method there are no reducing fittings and every temperature increment is 
added and none are minus so the velocity will be greater with less friction from fittings reducing on the run. One 
6-in. main is equivalent to 193 ^-in. pipes (see Table 15). With 5500 ft. surface take 1 times for the fiirst fioor, 
1 for the second and third, and for the fourth floor. 




Sec. 1-15] 


HEATING, VENTILATION, AND POWER 


1179 


For first floor; 
193 X 1.5 
5600 


0.0627 pipes per sq. ft. of radiation = 5.27 ^-in. pipes per 100 sq. ft. or from Table 15, 


equivalent to a 1 H-in. pipe per 100 sq. ft. of radiation 
For second and third floors: 

193 X 1 

5500 0.0351 ^-in. pipes per sq. ft. of radiation = 3.51 %-in. pipes per 100 sq. ft. or, from Table 15, 


equivalent to 134-in- pipe per 100 sq. ft. of radiation. 

For fourth floor: 

193 X 0 75 

— 5500^ “ 0.0263 ?4-in. pipes per sq. ft. of radiation 


2.63 ? 4 -in. pipes per 100 sq. ft. or, from Table 15, 


equivalent to a 134-iii. pipe per 100 sq. ft. of radiation. From the above and the sketch, the pipe sizes may b** 
easily calculated. 

GraTiity Hot Water Open-tank System (Fig. 17). — Gravity hot water overhead system 170 deg. F. average 
temperature water — 25 deg. drop. Heat loss as before plus 25% = 1,540,000 B.t.u. (Table 13). 


Heating surface = 8244 sq. ft. 

Total length circuit = 450 ft. 

Outboard temperature water « 183 deg.: W => 60.52 
Eeturn temperature water = 158 deg.: W = 61.04 
W at 170 deg. F. av. temp. = 60.8 (Table 2, Column 6) 
Average height of system: 


4th floor 2416 X 55 = 132,900 
3rd floor 1726 X 40 = 69,000 
2nd floor 1726 X 20 = 34,500 
Ist floor X 8 = 19,000 
Total 8244 sq. ft. = 255,400 

Average height = « 31 ft. 

Cubic feet per hour per square feet 


Head = 


1,540,000 
25 X 60.8 
100 X 1015 
8250 

61.04 ~ 60.52 
60.8 


= 1015 cu. ft. per hr. 


= 12.3 cu. ft. per hr. per 100 sq. ft. of surface. 
X 31 ft. = 0.265 ft. of water. 


0.265 X 100 
460 


0.0588 ft. drop per 100 ft. of main. 


From Diagram 4 with a drop of 0.0588 ft. per 100 ft. and a discharge of 1015 cu. ft. per hr., the size of one pipe 
necessary is 8 in. 

From Table 15 an 8-in. main is equivalent to 397.7 of ^i-in. pipes. 


397.7 X 100 
8250 


4.82 of ^^-in. pipes per 100 sq. ft. of radiation. 


As every radiator is equidistant from the boiler, in using Table 15 we have 4.82 of ^-in. pipes for each 100 sq. 
ft. of surface. By following the diagram and adding up the number of %-in. pipes necessary for the required 
radiation in the branch, tne nearest size can be found from Table 15. The square feet of radiation are indicated 

680 X 4 82 

at the top of each riser. Kiser 3 has 680 sq. ft. surface. i00~ — ~ K-iu. pipes. From Table 15 these 

998 X 4 82 

are equivalent to one 3-in. pipe. Riser 4 has 996 sq, ft. surface, — = 48 of ^-in. pipes. From Table 

15 these are equivalent to one pipe. Where a size is a little small in one circuit, make the next a little larger. 

These pipes may also be sized in the same manner as for forced hot water heating by assuming the same drop per 
100 ft. and the cubic feet of water per 100 sq. ft. of surface, or the quantity 0.0588 ft. per 100 ft. and 12.3 cu, ft. 
per 100 sq. ft. per hour, using Diagram 4. 

The expansion tanks should be set at least 5 ft. above overhead main and connected to the return of boiler by 
a 134*-in. pipe. There is a total of about 9000 sq. ft. and with a factor of 1.5 pints per sq. ft., = 

1700 gal. in the system, or = 230 cu. ft. Assuming the water cold at 70 deg. F., and that 230 deg. F. is the 

62 3 — 59 37 2 93 

maximum temperature, the percentage expansion of the water in the system is — = 4.7 % 

4.7 % of 230 cu. ft, = 10.8 ou. ft. = 81 gal. A 100-gal. tank will be large enough. 


15. Hot-air Furnace System. — The hot-air system, commonly known as the gravity 
warm-air heating system, consists essentially of a furnace with casing and smoke pipe, together 
with a properly designed system of heating pipes (leaders), outlets (registers), and cold-air 
ducts to convey the unheated air to the furnace. 
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It is recommended that the Standard Code Regulating the Installation of Gravity Warm- 
Air Heating Systems in Residences (latest edition) be followed when installing gravity warm- 
air heating plants in residences. 

lha. Furnaces. — Hot air furnaces are best adapted for heating dwellings under 
2000 sq. ft. ground area, and small churches or auditoriums where intermittent operation is 
largely the practice. Small plants may be installed for lower first cost than for other types of 
systems. The specific heat and carrying capacity of air as a heating medium limit the econom- 
ical use of furnaces for large plants, increasing the fire risk and cost of both operation and instal- 
lation. Their action is responsive and quick due to the comparatively small weight of the 
apparatus and medium, making an ideal system for intermittent operation under these 
conditions. 

The fuel rate is high for all hot air systems in zero weather, but due to the wide range of 
carrying capacity and temperature of air as a medium to meet outside weather conditions, 
hot air systems give an economical overall fuel rate for the entire season. The furnace should 
not have a greater capacity in square feet of heating surface than that for which the flue is 
designed, or incomplete combustion due to low flue temperature will occur. The height of flue 
is more important than grate area. A draft of 0.16 to 0.2 in. of water should be available, 
especially for soft coal. Where the chimney is of minimum height, the furnace should have 
little flue travel; where the height is available, longer flue travel is permissible. A cool smoke 
pipe is no sign of economy and usually means incomplete combustion. 

Of late, various types of oil burners and gas burners have been used in connection with 
warm-air furnaces. In general, the efficient use of a gas burner requires a specially designed 
fire box. 


The hot-air furnace consists of a cast-iron grate and fire pot in which the fuel is burned, a cast-iron combustion 
dome with the fire door, and a cast-iron or sheet metal radiator through which the gases pass to the chimney. The 
whole is encased in galvanized iron, sometimes with a double casing with air space for insulation. The area of 
diameter of the grate, always given in catalogues, and the height of the chimney determine the fuel capacity, the 
total coal consumed per hour, and the rate per square foot of grate. This is primarily the limiting capacity of any 
furnace no matter how much cooling surface may be between the grate and flue. The average furnace secures 
from 5000 to 6000 heat units per lb, in combustion of soft coal and from 7000 to 8000 heat units per lb. in combus- 
tion of hard coal. The average fuel rate per hour per square foot of grate for the winter is about 4 lb. It may be as 
high as 8 lb. (with low outside temperatures and good draft) and as low as 2 to 2^^ lb. 

The cast-iron fire pots are ribbed or slotted for use with soft coal in order to provide ample air supply for the 
combustion of the volatile products distilled from the fuel bed. They are often build in two pieces, one of which 
may be replaced with a gas ring in order to burn gas and coal in conjunction. The fire pot is the first part of the 
furnace to be replaced. If the casting is too heavy, the radiating qualities are reduced, and if it is too light, it is 
liable to warp from the heat. All fire pots deteriorate with time and use due to slow oiddation of the iron, and for 
good economy they should be replaced every 3 or 4 yr. If the sides of the fire pot are nearly perpendicular, the 
ashes are less likely to collect on the sloping sides and interfere with the proper combustion of fuel. 

The radiator is the heating surface forming the passage for the gases to the chimney. In some cases this is set 
directly on the fire pot and combined with the combustion dome. Cast radiators should be constructed so as to 
insure against gas leakage in the use of soft coal by having as few joints as possible. The cast-iron radiator has 
fewer joints than a steel radiator and is practically immune from corrosion, but the heating surface is more limited 
than that of the sheet metal type. The great trouble with all hot air furnaces is the deterioration of the joints and 
the nuisance of coal gas leakage into the rooms. These joints are made with a cup or groove and tongue packed 
with an asbestos cement. As far as joints are concerned, if the furnace is taken down, cleaned, and the joints 
remade about every 4 years, there will be little trouble from this cause with any of the types. The average furnace 
contains IS to 22 sq. ft. of heating surface per square foot of grate, and the better class contains 10 to 30 sq. ft. per 
sq ft. of grate. This quantity is seldom, if ever, given in catalogues. 

Some furnace manufacturers have discarded the use of the radiator and use an extra large combustion chamber. 
This is advantageous with a low chimney because the travel of the gases and the frictional resistance are reduced. 
The use of the radiator gives long flue travel and is advantageous with high chimneys where greater pressure is 
available. 

Furnaces are sometimes encased in brick but generally with galvanized iron, and in the better class of furnace, 
with a double galvanized-iron casing with 1-in. air space for insulation. Brick settings are large and undesirable. 
A plenum chamber is generally formed in such manner that the cross radiation from the high temperature heating 
surfaces interferes with the flow of warm air, resulting in low velocities. Such is not the case with galvanized-iron 
casings which are smooth and in better proportion with the required area. Brick settings, however, are more 
durable. All sudden changes in areas and velocities, where the flow of fluids is involved, cause loss of head or 
resistance to flow. 
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The cold air connection is generally taken from the outside with an overhead or a flue under ground leading 
into the base of the furnace. A return flue should be taken from the floor above, preferably in a hall, and fitted 
with a damper so recirculation may be estabhshed at will for extreme weather due to the high peak load and exces- 
sive fuel requirements. The velocity and power of the flues is increased by the use of out door air. The cold air 
flue should have 75% of the combined area of the hot air flues Fans may be used in connection with furnace 
heating either to recirculate the air or to take it from out of doors. 

156. Flues and Hot-air Pipes. — Hot air pipes (leaders) are round except when 
passing up stud partitions. They are made of IX tin or 26 galvanized iron and should be graded 
up in the direction of floor 1 in. in 10 ft. Where leads from the furnace are over 15 ft., add 1 in. 
to diameter for each additional 10 ft. No horizontal lead should bedess than 8-in. pipe diameter. 
W hen pipes are 14 in. and over, the^^ should be connected to the furnace bonnet with twin 
connections and \ branch. Where long runs occur or where the pipes are in an outside wall 
double pipe is used. Also if double pipe is used in round section for long smoke flues, it will 
help the draft. There is no economy in a cold smoke pipe. It would mean that a hard fire 
would have to be operated simply to keep up proper combustion and flue temperature. 

If the furnace has a single casing, it should be covered with a layer of paper or corrugated pipe covering wired 
on. The horizontal air piping, especially the long runs, should be wTapped in the same manner. There will be a 
large saving in fuel and eflSciency, and a warm cellar will be avoided if piping and furnace arc insulated. All 
stacks should run in inside vs»'alls and an inside chimney will help the draft to a greater extent than one outside the 
building. 

Registers are known as wall, floor, base, flat, and convex. Floor registers require a tin or galvanized register 
box. Convex registers are those whose lattice extends beyond the wall face in order to give a greater percentage of 
free area. It is not safe to calculate on more than 50 % clear area for register. Table 17 gives the capacity of most 
common sizes. 

Provision should be made to remove a certain portion of the air from the building, although in most residences 
the construction permits considerable air change. Fireplaces make excellent outlets for the removal of air. 


Table 17. — Capacities and Dimensions op Warm Air Piping and Eegisters 


Diameter of 
round cellar 
or riser pipe 
(inches) 

Rectangular 
riser pipe 
(inches) 

Area of 
riser pipe 
(sq. in.) 

Required free 
area register 
face 
(sq. in.) 

Size of round 
register 
(diameter in 
inches) 

Size of wall 
register 
(inches) 

Size of floor 
register 
(inches) 

6 

3 


X 9H 

28 

52 

10 

8 

X 

8 

8 

X 

8 

eVz 

33'2 

X 9H 

33 

62 








7 

sy 

X 11 

38 

72 

10 

8 

X 

10 

8 

X 

10 

7yz 

3M 

X 1234 

44 

84 








8 

3H 

X 14 

50 

96 

12 

8 

X 

12 

8 

X 

12 

SH 

4 

X 

14 

57 

108 








9 

4 

X 

16 

64 

120 

14 

10 

X 

12 

10 

X 

12 

93'2 

4 

X 

IS 

71 

134 








10 

4 

X 

20 

78 

142 

14 

12 

X 

12 

10 

X 

16 

loy 

6 

X 


86 

158 








11 

6 

X 

16 

95 

176 1 

16 

12 

X 

15 

12 

X 

15 

11>2 

C 

X 

17M 

104 

194 1 








12 

6 

X 

19 

113 

204 

18 

14 

X 

15 

12 

X 

20 

12K 

6 

X 

20H 

122 

222 








13 

6 

X 

22 

132 

242 

18 

14 

X 

IS 

14 

X 

18 

13>2 

8 

X 

18 

143 

254 








14 

8 

X 

19 

154 

276 

20 

16 

X 

18 

14 

X 

22 

14M 

8 

X 

2oy 

165 

298 








15 

8 

X 

22 

176 

320 

24 

10 

X 

20 

16 

X 

20 

16 

8 

X 

25 

201 

358 

24 

18 

X 

20 

16 

X 

24 

18 

10 

X 

25H 

254 

450 

24 

20 

X 

24 

IS 

X 

27 

20 

12 

X 

26 

314 

554 

28 

22 

X 

26 

20 

X 

30 

22 

14 

X 

27 

380 

686 

30 

24 

X 

30 

2t 

X 

30 

23 

14 

X 

29y 

415 

707 

30 

27 

X 

27 

24 

X 

32 

24 

14 

X 

32 

4 j2 

770 

30 

28 

X 

28 

24 

X 

36 


16c. Designing Data for Hot-air System. — Table 18 gives the capacities in cubic 
feet of space heated by hot-air ftirnaces and total cross section of the furnace pipes that may be 
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supplied. The area between the casing proper and radiator should be 120 % of the area of the 
pipes supplied. These capacities are based on: (1) 8 lb. of fuel per sq. ft. of grate, which rate 

may be easily obtained in 2 iero weather with a good 
flue; (2) the initial temperature with all outside air 
at —10 deg. F., 0 deg. F., and +10 deg. F., (3) air 
heated to 180 deg. and entering the room at 150 deg.; 
and (4) 70 deg. room temperature. 

The capacity of a furnace in cubic feet of space 
heated is not sufficiently accurate due to the varia- 
tion in requirements. The total area of heat pipes 
in square inches is definite when the B.t.u. losses 
and pipe sizes are determined. 

Let H = total heat units per hour required for the 
air to be raised from 0 to 180 deg. 
h = B.t.u. loss determined by glass and wall. 
a = total area of pipes, in square inches. 

A ~ square feet grate area. 
d = density of air at 165 deg. F. = 0.0635 lb. 
per cu. ft. (Table 3, col. 3). 

Velocity in the casing = 5 ft. per sec. 

Area of the casing in square inches = 1.2 X a. 
Specific heat of air = 0.24 B.t.u. per lb. 


® g ® 
12-1 

1.8 

3.2 

4.1 
5.7 
7.5 

9.1 
10.0 

No. of 
10-in. 
pipes 

2.8 

5.0 

G.3 

8.9 

12.0 

14.0 

17.0 

® s g 

j| S •% 

3.G 

6.5 

S.4 

12.0 

15.0 

19.0 

22.0 

No. of 
8-in. 
pipes 

OO 00 o o o o o 

00 o’ o’ O 

T-t tH (M (M CO 

Diameter 

of 

single 

pipe 

(in.) 

)ir5 O rfi !>. O tH 

r-l rH CM CM Ca (N CO 

Total 

cross 

section 
of pipes 
(sq. in.) 

180 

280 

360 

470 

565 

650 

750 

0 

ft 

1 

Dia. of 
casing 
(in.) 

30-32 

34-36 

36-40 

40-44 

44-50 

48-56 

52-00 

Area 
(sq. ft.) 

CO o T-) r- CO 05 

W (M* 05 CO -ri: 

ii 

OO O (M -Tji O 00 O 

T-i <M CM <M CM <N CO 

Undivided space 

Entering air at 

P=I 

o 

o 

1 

12,000 

14.000 

17.000 

22.000 
26,000 

30.000 

35.000 

o 

O 

14.000 
17., 000 

22.000 
26,000 

30.000 

35.000 

40.000 

o 

O 

+ 

17.000 

22.000 
26,000 

30.000 

35.000 

40.000 

60.000 

Divided space 

Entering air at 

o 

O 

1 

8,000 

10,000 

12,000 

14.000 

18.000 
22,000 
26,000 

o 

O 

10,000 

12,000 

14.000 

18.000 
22,000 
26,000 
30,000 

0 

O 

T-< 

-b 

12,000 

14.000 

17.000 

22.000 
26,000 

30.000 

35.000 


n 


3600 sec. X 5 ft. X l.r'a” X (ISO - 0)X0.24 X 0.0635 


144 


(411 X a) B.t.u. per hr. 


All hot-air furnace ratings are based on air entering at 
0 deg. F. and raised to 180 deg. F. and with a temperature 
entering the room at 150 deg. F. in zero weather with the room 
at 70 deg. F. In case a greater air supply is desirable for 
ventilation, the entering temperature may be reduced, as 
explained under fan heating. If the air enters at 0 deg F. and 
is heated to 180 deg. F. and the diffusion is 150 deg. F. —70 
deg. F. = 80 deg. F. 


H ■ 


(180 deg. — 0 deg.) X h 
(150 deg. — 70 deg.) 


i 2.25 /l or B.t.u. loss. 


If the air is recirculated or raised from 70 deg. instead of 
0 deg.. 


H -- 


(180 deg. - 70 deg.) X h 
(150 deg. - 70 deg.) 


1.375A, or a little over 
J-a the former amount. 


If the furnace uses 7500 B.t.u. per lb., of the 12,000 B.t.u. per 

lb. available from the fuel, it is = 65 % efficient. 

For air entering at 0 deg. P\, the coal consumed per hour 
2. 25 

in terras of B.t.u. loss is = 0.00037i (pounds). For air 

entering at 70 deg. F. the coal consumed per hour in pounds is 
1 375 

VsOO ^ ” 0.000183A. If 8 lb. of coal are burned per square 

foot of grate area i>er hour in extreme weather, the grate area in 
0.0003/i 

terms of B.t.u. loss is ^ — 0.0000375A sq. ft. for air 

0.000183;t 

entering at 0 deg. F., and g = 0,0000229A sq. ft. for 


air entering at 70 deg. F. 

If the total heat losses plus 25% for a building are say 120,000 B.t.u. per hr. for air entering at 0 deg. F., the 
coal burned is 120,000 X 0.0003 *» 36 lb. per hr. and the grate area is 120,000 X 0.0000375 « 4.6 sq. ft.; for air 
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entering at 70 deg. F., the coal burned is 120,000 X 0.000183 = 22 lb. per hr. and the grate area is 120,000 X 0 . 0000 - 
229 =“ 2.75 sq. ft. 

Table 19, by R. C. Carpenter, gives the velocities per square foot of flue with 50% allowed for friction. The 
difference in temperature between the outside air and that in the flue, together with the height, determines the 
velocity. The cubic feet of air required per minute at 165 deg. F. average, with a density of 0.0635 lb. per cu. ft., 
a specific heat of 0.24, and a diffusion temperature of 80 deg F. will be in terms of the B.t.u. 
loss, h. 

60 min. X 0.0635 X 0.24 X 80° 0.0137h cu. ft. per min. 

From Table 19 and 150 deg. difference between flue and outside, we have for first, second, and third floors 

First floor 5 ft. height 298 ft. per min. 

Second floor. 10 ft. height 419 ft. per min. 

Third floor 20 ft. height 593 ft. per min. 

The flue areas will be 

First floor ~ ~298^ ” 0.0137A X 0.483 = 0.0066A sq. in. 

Second floor = 0.0137A X 0.344 = 0.0047A sq. in. 

Third floor = 0.0137^ X 0.243 = 0.0033;i sq.in. 

Vod, Rules Governing Hot-air Furnaces. — 1. An offset in the riser pipe is 
equivalent to an addition to the length of the cellar pipe and should be counted in when measur- 
ing the total length of pipe. 

2. When the warm air pipes are taken from the top of the bonnet of the heater, the tops of 
all elbows should be on a level so the flow will be equal. 

3. An air space should be left around all pipes passing through masonry walls so that the 
pipe will not be cbilled. 

4. All pipes should have dampers close to the furnace. 

5. When heating rooms on the cold side of the house or a room with a large amount of glass, 
place one register in the floor as near as possible to the furnace and a cold air register face in the 
floor under or near the window and connect with a separate pipe to bottom of casing, thereby 
removing cold air from room and inducing a flow of warm air. 

Table 19. — Quantity of Air Discharged in Cubic Feet Per Minute Through a Flue 

1 Sq. Ft. in Sectional Area 


External temperature of air 32 deg. — Friction 50%. (By R. C. Carpenter) 


Height 
' of 



Excess of temperature of air in flue above external air 


flue 

(ft.) 

5 deg. 

10 deg. 

15 deg. 

20 deg. 

25 deg. 

30 deg. 

50 deg. 

100 deg. 

150 deg. 

1 

24 

34 

42 

48 

54 

59 

76 

108 

133 

6 

55 

76 

94 

109 

121 

134 

167 

242 

298 

10 

77 

108 

133 

153 

171 

188 

242 

342 

419 

15 

94 

133 

162 

188 

210 

230 

297 

419 

514 

20 

108 

153 

188 

217 

242 

265 

342 

484 

593 

25 

121 

171 

210 

242 

271 

297 

383 

541 

663 

30 

133 

188 

230 

265 

297 

325 

419 

593 

726 

35 

143 

203 

248 

286 

320 

351 

453 

640 

784 

40 

153 

‘217 

265 

306 

342 

375 

484 

684 

838 

46 

162 

230 

282 

325 

363 

398 

514 

724 

889 

60 

171 

242 

297 

842 

383 

419 

541 

765 

937 

60 

188 

264 

325 

373 

420 

461 

! 594 

835 

1006 

70 

203 

286 

351 

405 

465 

497 

643 

900 

1115 

80 

217 

306 

375 

458 

485 

530 

688 

965 

1185 

90 

220 

324 

398 

460 

516 

564 

727 

1027 

1225 

100 

243 

342 

420 

485 

534 

594 

' 768 

1080 

1325 

125 

273 

383 

458 

542 

604 

662 

855 

1210 

1480 • 

150 

298 

420 

515 

596 

665 

730 

942 

1330 

1630 
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6. Always take the cold air supply from the coldest side of the house — west, northwest, or 
north, 

7. Cold-air box should be ^ the total area of the warm-air pipes. When recirculating air 
it should be equal to area of the warm air pipes. 

8. A cold-air pit under the heater should never be more than 14 in. deep; a pier in the center 
is desirable to support the ash pit. With more than one air opening, place a partition across. 

9. Where there is a long run for the smoke connection, the smoke pipe should be covered 
and allowance made in the chimney height, or the flue gases will be chilled, reducing draft 
pressure and interfering seriously with the operation of the plant. The chimney should be, if 
possible, inside the building instead of outside. Where long runs of smoke pipe occur, use 
double pipe with an air space. 

16. Indirect Heating System. — The indirect heating system is a combination system in 
which steam or hot water is employed to heat pipe coils or radiators over which air is circulated 
or blown and transmitted through ducts to the various rooms of a building. There are two 
methods of producing circulation, one by gravity and one with blowers. Gravity indirect 
systems are so uncertain that, except for house heating purposes, they are becoming obsolete. 
On the other hand, electric current is so easy of access and low priced, that when hot air heating 
is desired, it is far more satisfactory and the operation is more certain if a fan and motor are 
used to force the air through the coils and ducts. The cost of the system is thereby largely 
reduced and less space is required. 

Indirect radiators are built of pipes or cast-iron sections, and in stacks for heating individual 
flues. Except when very high pressure steam is required, the use of Vento ” cast-iron radiators 
is superseding the use of pipe coils to a greater and greater extent. Both the size of a pipe 
coil stack and the number of sections in a cast-iron indirect radiator depend upon the volume 
of air to be passed through it. Stacks are arranged in series, in parallel, or in series-parallel, 
all depending on the desired increase in air temperature, the volume of air to be heated, and the 
pattern of the radiator itself. 


If the volume of air be heated is small, as in house heating, the problem of designing and selecting indirect 
radiators is simplified, for often one radiator, one stack deep, is sufficient to take care of the volume of air. Fig. IS 
shows a typical cast-iron indirect radiator arranged to take air from out of doors and discharge it by gravity through 

a flue into a room. These radiators are sometimes arranged so that all or part 
of the air is passed through or by-passed around the stack, with two dampers 
working in conjunction in such a manner that the air may be tempered and 
mixed at will. The dampers may be operated by hand or with a thermostat. 

If the volume of air to be heated is large, the problem is somewhat more 
involved, due to the large number of variables. All indirect heating problems, 
however, are solvedf in about the same general manner, whether the volume of 
delivered air is large or small. If the volume is large, the radiators may either be 
made larger or a number of them, may be placed in parallel, or both, to increase 
the area through which the air passes, known as the free area. If the outside 
temperatxire is low, the amount of heating surface per square foot of free area 
must be increased, either by placing the stacks in series, or by selecting one stack 
whose particular design gives the necessary amount of heating surface per square 
foot of free area. 

The amount of heat to be delivered in the air in the rooms is the product of 
the volume, the rise in temperature, and the specific heat of the air, but since 
the volume and temperature rise depend on the square feet of heating surface 
Ns 



Fig. 18. — Indirect heating 
stack and hot air flue for steam 
or water. 


per square foot of free area, velocity of the air, the heat to be 

Ns 

delivered also depends on the rates, ^ = A and the velocity of the air, N being the number of stacks in series. If 

a velocity is assumed, and the temperature range, temperature conditions, and volume of air are known, the value 
of / for those conditions may be computed from equation 6 or 7, Art. 16i>, and a stack of a certain pattern or a 
number of stacks in series of a certain pattern may be selected from Table 20. (See Art. 16a for method of 
computing the volume of air necessary.) After the pattern of stack and the number of stacks in series are selected, 

it is necessary from the volume and the velocity to compute the free area from A = 


of the free area A, and the ratio S (Table 20), the total heating surface may be computed from Ns = Af. 
value of Ns thus computed should agree with the value of S computed from S « — — 


Following this, with values 
The 
The 
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Table 20 . — Data on Ttpes of Cast-Ikon Indirect Radiators 


1 

Pattern 

Length 
(in ) 

1 

Height 

(in.) 

T. • i 

Heatingj 
surface 
per 1 
section 
(sq. ft.) 
S 

Width 
of each 
radiator 
in 

stack 

(in.) 

Spac- 

ing 

c. to c. i 
(in.) j 

Net tree 

area 

(sq. ft. 
per section) 
A 

Sq. ft. sur- 
face per sq. 
net area (/O 

^'=1 

Friction 
(lb. per sq. 
ft per 
loO-ft. 

velocity per 
min. 1 stack 
deep) 

Perfection Pin 

36K 

10 

10.0 

2?^ 

234 ! 

0 1965 ; 

50.9 

0.01S7 


363^ 

10 

10.0 

m ■ 

2% ' 

0.225 

44.4 

0 0166 



14 

15.0 


2^^ 

0.1965 

76 34 

0 0270 


mi 

14 

15.0 

2U 

2 % ; 

0.225 

66.66 

0.0230 


36 

14 

12.0 

3H 

3K j 

0.355 

33.8 

0. 154 

Excelsior standard 

36 

8 

12.0 

3^^ 

3?4 

0.296 

40.54 

0.013 

Sanitary school pin 

36>i 

loli 

20 0 

4 

4 

0 45 

44.4 

0 0134 




20 0 

4 

43(6 

0 494 

40 5 

0.0123 

Sterling 


loH 

20.0 

3H 

zyi 

0.3 

66.6 

0 . 0203 

Cardinal 

mi 

IVA 

15.0 

3H 

3ii 

0.278 

54.0 

0.01574 

Narrow Vento 

40 


7.5 



0.525 

14.28 

0.00616 


40 

41 

7.5 

334 

5 

0.62 

12 10 

0 00575 

6^ in. wide 

40 


7.5 


534 

0.729 

10 29 

0.00522 


50 


9.5 


4% 

0.65 

14.61 

0 00616 


50 

51 

9.5 


5 

0 768 

12 37 

0 00575 


50 


9.5 


534 

1 

0.905 

10.5 

0 00522 


60 


11.0 


45| 

0.781 

14.1 

0.00616 


60 

6034 

11.0 

3^2 

5 

0.921 

11.94 

0.00575 


60 


11.0 


5H 

1.085 

10.14 

0 00522 

Regular section Vento 

30 


8.0 


4 

0 225 

35.6 

0.0133 


30 

30 

8.0 

3M 

4?s 

0.390 

20.5 

0.0077 


30 


8 0 


5 

0.46 

17.4 1 

0 00726 


30 


8 0 


oH 

0.542 

14.76 

0.00638 

in. wide 

40 


10.75 


4 

0.35 

30 71 

0 0115 


40 

41 

10.75 

33-^; 

4H 

0 525 

20.48 

0 0077 


40 


10 75 


5 

0 62 

17.34 

0.00726 


40 


10.75 


5M 

0.729 

14.75 

0 00638 


50 


13,5 


m 

0.65 

20.77 

0.0077 

* 

50 

50^ ^2 

13.5 

ZH 

5 

0.768 

17.58 

0 00726 


50 


13.5 



0.905 

14.92 

0.00638 


60 

mi 

16.0 

.“N 

CO 

4H 

0.781 

20.5 

0.0077 


60 


16.0 


5 

0.921 

17.38 

0.00726 


60 


16.0 


ZH 

1.085 

14.75 

0.00638 


72 


19.0 


4H 

0.937 

20.28 

0.0077 


72 

72 

19,0 


5 

1.104 

17.21 

0.00726 


72 


19.0 


533 ' 

1.303 

14.58 

0 00638 


For friction in lb. per sq. ft. for any velocity, divide by 150, square the result, and multiply by quantity in last 
column. For inches of water, multiply this result by 0.1925. 

Multiply by number of stacks deep for total friction. 
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transmission factor K is defined in Art. 166. {Bt — is the mean temperature difference between the steam and 
air and is computed from Bq. 3, Art. 16&. 

With the total heating surface, the heating surface per section, and the number of stacks in series, the total 
number of sections and the number of sections per stack may be computed. (See illustrative problem in Art. 16o.) 
Where the radiators are in senes, and N is used to denote the number of stacks, it is easily seen that the heating 

Ns 

surface is increased while the free area remains constant, thus increasing the value of /. In such a case, / = — r- 

A 

s S 

Where one stack deep only is used, this reduces above considerations assume that all the 

radiators are in series. Practically, where the volume is so great that a radiator is too long if it is built up of enough 
sections to satisfy the heating demand, it may be cut in two or more pieces making two or more radiators in parallel; 
in other words, two or more stacks in parallel. In that case, N = 1 the same as before, N only referring to the 
number of stacks deep or the number of stacks in* series. The quantity s is the surface of all the radiators in 
any one row in parallel. 

16d, Ventilation with Indirect Heating. — Care should be taken in assuming a 
temperature at which the air is to enter. The best temperature to assume depends on the 
desired number of air changes in the room per hour and varies between being too cool to be 
effective and too hot for comfort. The number of air changes per hour, neglecting infiltration, is 
the volume of air necessary to furnish the B.t.u. losses divided by the cubic contents of the 
room. If, by trial, certain temperature assumptions give too great or too little air change, new 
assumptions will have to be made before starting the design of appropriate stacks. 


Since the air leaves the room through foul air ducts at room temperature and is discharged into the atmosphere, 
which is often much below zero, it is easy to see that more heat must be furnished by the indirect radiators than is 
necessary to supply the heat losses; in fact, the exact amount to be furnished is that lost in the ducts, that xisedto 
supply the room losses, and that which is lost to the outside atmosphere through the vents. For example, if the 
outside atmosphere were at —10 deg. F., the air leaving the radiator at 125 deg. F., the temperature drop in the 
ducts at 5 deg. F., the temperature of the air entering the room at 120 deg. F., and the room temperature 70 deg. F., 
the ratio of total heat to the useful heat is the same as the ratio of the temperature differences; thus, using the above 
temperature assumptions, 

Total heat __ (125 deg. — — 10 deg.) ^ 135 
Useful heat ~ (120 deg. — 70 deg.) 50 

^ ^ , , , . , B.t.u. losses X 135 

or total heat required = — 


50 


Again, using these same temperature conditions, the average weight of air per cu. ft. = 0.075 (Table 3) and the 
specific heat = 0,24, the required volume of air in cubic feet is 


Useful heat 


total heat required 


0.075 X 0.24 X 50 0.075 X 0.24 X 135 

166. Peat Given Up by Indirect Radiators.^* — The heat transmitted by indirect radiators depends 
on two things: the transmission factor K, and the mean temperature difference between the fluids, in this case either 
steam and air or hot water and air. The transmission factor K is the number of B.t.u. per square foot of heating 
surface per hour per degree of mean temperature difference between the fluids. It varies only with the velocity 
of the air over the surface. 

For cast-iron indirect radiators 


0.047.-h 


61 


For pipe coil indirect radiators 


0.0447 4- 


50.66 


Cl) 


( 2 ) 


Diagram 5 gives values of K for various velocities. The writer has assumed that a velocity was known and 
that the relation would hold true whether the air was circulated by gravity or by fan. The mean temperature 
difference of fluids transmitting heat through surfaces is, in any case. 


2.3025 log- 


( — 6i 


(3) 


Bi 

where 6a ~ temperature of steam or average water temperature. 
dm = average mean temperature of the air. 
dx =* temperature of entering air. 

B% = final temperature of air. 

The Naperian logarithm = 2.3025 times the common logarithm. 


1 Formulas given were deduced from experiments by F. L. Busey and W. H. Carrier and are considered classic 
contributions to the science of heating engineering. They are used by all blower and heater mahufacturera for their 
capacity tables. 
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Diagram 6 gives values of (6s — dm) for various temperature conditions. Let 
A = area through heater in square feet. 

V — velocity of air in feet per minute, measured at 70 deg. F. 

S ~ total area of heating surface in square feet. 

Q = .<1 F = flow in cubic feet per minute measured at 70 deg. F. 
Cp = specific heat of air at constant pressure => 0.24. 
d — density of air at 70 deg. F. = 0.075 (Table 3). 

K =* transmission factor. 



0 t!00 AOO 600 600 \000 \WO WX) \&X> 

Velocity thTXJogh free area 

DiAGBiiM 5. — Condensation chart to be used in connection with Diagram 6. 


The weight of air flowing in pounds per hour = 60 AVd. 

The total heat radiated in B.t.u. per hour = KS (Qs — Qm). 

The heat delivered by the air in B.t.u. per hour « 60 AFd X Cp{Bt — Bi). 

The total heat radiated equals the heat delivered by the air: 

KS(fis - Bm) « ^OAYdCpiBi - Bi) 

from which 

« mAVdCv(di^ 6i) 

^ “ K{&s - Bm) 

Substituting Eq. (1) for Vento or Eq. (2) for pipe coils and Eq. (3) for (Bs — Bm), we have the heating surface fo» 
cast-iron heaters 

S - ^(0.1175F + 152.5} log 

and for pipe coils 

S - ACO.IUSF + 127) log (5) 

Substituting S /A (^(From/ =« ^ cast-iron heaters 

f = (0.117SF + 152.5) log ( g] (6) 

and for pipe coils 

/ = (0.1118r + 127) log ( | -^) C7) 

Diagram 6 gives values of f for various temperature conditions. 

16c. Illustrative Problem. — Design a heater to furnish heat to room 1, second floor, Fig. 7, p. 1163. 
From Table 13, total heat loss =* 96,430 B.t.u. per hr., cubic contents = 34,272 cu. ft., and air changes due to 
infiltration = 0.375 per hr. 

Temperature of steam = 220 deg- F. 

Assume Temperature of atmosphere — 10 deg. F . 

Temperature of air leaving heater =* 125 deg. F. 

Temperature drop in ducts = 5 deg. F . 

Temperatme of air entering room = 120 deg. F . 

Temperature of air in room 70 deg. F. 

J’otal heat required =“ 9Q»430(^2^ ^ _ — ^ ^ 260,360, B.t.u- per hr. 

2fin ^flo 

Volume of air necessary «» o Q75 x 0 7 24 X 13 5 ” 1^7,150 cu. ft. per hr. 

a : 1 O QVK = 5 1 9 J- fV 97 sn .9 nftT hr. 


J’otal heat required =“ 
Volume of air necessary ' 


260,360, B.t.u- per hr. 

- = 107, 150 cu. ft. per hr. 


Air changes = + 0.375 = 3.12 + 0.375 « 3.5 per hr. 






Diagram 6, — Air temperature increments for cast iron and pipe coil indirect radiation under various conditions of steam and water pressures and temperatures. 
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This is good ventilation, therefore the temperature conditions were well chosen for outside air at — 10 deg. F. By 
inspection, it will be seen that if the temperature of the atmosphere rises, it wall reduce the number of air changes, 
unless tempering dampers and a by-pass for cold air are employed. 

The next step in the problem is to decide whether pipe coils or cast-iron heaters will be used First we will 
choose to use “ Vento” cast-iron heaters. A velocity of 150 ft. per min. from Diagram 5 gives a value of = 2,20; 
Diagram 6 gives a value of {da — &m) = 152.0; and the free area is the heating surface is 


260,360 B. t. u. per hr. 770 

- 2.20 X 1^ 6 ^ = -12 


f = (0.1175 X 150 + 152.5) log (■ 


60 X 150 
= 65. From Eq. (6), Art. 165, 
220 10 \ 


_220 - 125 




65.2 


Values of f may also be read directly from Diagram 6. Start with a value of ds — B\ = 230, follow dotted 
line in direction of arrow up to curve of 03 — 02 = 95, follow dotted line to the right to the cast-iron radiator dia- 
gram to where the velocity = 150 ft. per min., and on the scale directly above, read the value of / = 65,1. 

N 

These two values of / agree very well, so vie can assume / = 65.2. Let /' = -y *= sq. ft. of surface per sq. ft. 

free area per stack. Then, when iV = 1, /' = 65.2; iST = 2, /' = 32.6; JV = 3, /' =» 21,7; N = 4:, f — 16.3; and 
V == 5, /' = 13.0. The number of stacks may be varied at will by selecting a radiator of appropriate design from 
Table 20. Values of / are given for each type of radiator. 

65 1 

In this case, we will assume 4 stacks deep. Then/' = — ^ = 16.3. From Table 20, a regular section “ Vento” 


in. wide, 72 in. high, 5 in. c. to c., and with 19 sq. ft. of heating surface per section, has a value of /' = 17.2 
making / — 17.2 X V = 68.8, or a little above the requirements. The total number of sections in the first stack, 
or the first row of stacks as the case may be, is 

12 sq. ft. free area 

1.104 sq. ft. free area per stack 


10.9, say 11 sections. 


The total number of sections then is 11 X 4 = 44, and the total heating surface is 44 X 19 = 836 sq. ft., or some 
what more than the 780 sq. ft. required. 

The width of the air spaces should be a governing factor in selecting a type of section for indirect gravity 
heating, as the aii is liable to pass without being heated if the sections are too far apart. The previous selection of 
4 tiers 72-in. Vento would prove bulky and engender difficult construction due to space in many cases. The follow’- 
ing tabulation gives four selections with the friction and data comparatively from Table 20, as well as approximate 
space occupied. 


Type of sections 

Spacing 
c. to c. 
(inches) 

Tiers 

ueep 

/ 

Sq. ft. 
per 

section 

Free 

area 

per 

section 

Total 

no. 

sections 

Total 
sq. ft. 

Friction 
(lb. per 
sq. ft ) 

Total length 

X width 

X depth 

72-in. Vento 

5 

4 

17,21 X 4 

19.0 

1.104 

44 

836.0 

0 . 02904 

6' X 4' 7" X 3' 4" 

40-in. Vento 

4 

2 

30.71 X 2 

10.75 

0.35 

74 

795.5 

0.023 

3'4'^ X 12' 4" X V 8" 

Perfection 

2% 

1 

66.66 

1 15.0 

0.225 

54 

810.0 

0.023 

3' X 13' X 1' 3" 

Sterling 

m 

1 

66.66 

20.0 

• 

0.3 

40 

800.0 

0.0203 

3' X IIH' X 1'4:" 


Note that the 40 in. Vento is slightly under requirements. This was adjusted by making the area slightly 
greater by adding two sections to each tier. 

The next requirement is to determine whether with the head available the velocities will be realized. The 
method of determining the resistance and velocity is as follows: Assume for each flue a horizontal duct 30 ft. long 
with 3 elbows with a radius of M the depth, a flue^ temperature of 125 deg., two registers with 75 % of tne flue 
velocity and an effective height of 20 ft. 

The cubic feet of air required per hour is 170,150 or 2820 cu. ft. per minute. The available pressure for 125 
deg. and 20 ft. height (Table 26) is 0.287 lb. per sq. ft. Assume 300-ft per min. flue velocity with 3 flues of 3 sq. ft. 
each, say 12 in. deep. From Table 27, 3 sq. ft. with 0.0045 lb. per sq. ft. drop in 10 ft. will give 942 cu. ft. per min 
Assuming a length of 30 ft. in the cold air duet and 3 elbows with a radius of H the depth, we will require 30 ft 
additional of pipe or 30 + 90 + 20 = 140 ft. 

The ratio of the sides being 3 X 1, the actual friction will be for each unit flue 


Pipe friction 14 X 1-18 X 0.0045 = 0.0743 lb. per sq. ft. (Tables 27, 30) 

Velocity head 0.076 = gUj X 0.075 = 0.0293 lb. per sq. ft. 

2registers— 2 X 1.25 X (0.75)= X 0.0293 = 0.0413 lb. per sq. ft. Eq. 4 Art. 28c 

Indirect stack sterling =0.0203 lb. per sq. ft. (Table 20) 


0.1652 lb. persq. ft. 

This shows there is ample power to overcome resistance at the assumed velocities, also that the Vento stack 4 deep 
has too great resistance when the outside temperature reaches 50 to 65 deg. for the difference between the flue and 
outside. The available pressure then is 0,16 lb. per sq. ft. (Table 26) 



1190 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. 1—1 


260 360 

The steam necessary at 220 deg, F «» - « 270 lb. per hr. Where the velocities are high, say around 

1200 ft. per min., when fans are used, then proportions of heaters change; the number of stacks is increased and the 
sections per stack are decreased. 

There is very little data on indirect heating with low steam temperatures or with hot water but it is difficult 
to raise the temperature of the air with only one stack deep. There is no good reason or advantage in using indirect 
hot water, as, with the circulated air, a constant steam temperature may be used, varying the room temperature 
\nth that of the air flow and temperature. 

Fan coils are figured in exactly the same manner as for gravity circulation, only with higher velocities. An 
example is given in Art. 2Sd. 

IQd, Unit Fan. Heaters. — Figs. 19 and 20 show a rather recent innovation called 
unit fan heaters. These are set near the floor with a disc fan and motor to circulate the air in 
shops and factories. They give a very effective distribution without ducts and the horsepower 
of the fans is only 1 to hp. or less, per unit- One unit may handle 50,000 or 60,000 cu. ft. 
of air per min., and they may be connected with a hot water or steam system of distribution, 
thus doing away with direct radiation. The type shown is not suitable for hot water, but they 
may be made up of a fan, casing, and a number of sections of short Vento placed about 6 ft. 
from the floor level. 



Fig. 19. — Unit fan heater, - Fig. 20. — XJnit fan heater, 

Sturtevant Co. American Blower Co. 


17. Other Systems of Heating. 

17a. Vacuum Steam Heating. — A vacuum system may be applied to any steam 
heating plant by placing thermostatic traps on all radiators and drip connections between the 
supply mains and returns so the piping handling steam will be entirely separated from that 
taking care of the condensation, except through the thermostatic traps which are all designed to 
allow air or water to pass but to hold the steam. The system commonly takes the name from 
the name of the trap; the most common are Dunham (Fig. 20A), Warren Webster, McLear, 
Hoffman, and Marsh. 

The returns are all brought to a central point where there is a power vacuum pump operated 
by steam or electricity to mechanically remove the air and water from the system. The dis- 
charge of this pump leads to an air separating tank or receiver from which the water is pumped 
back to the boiler by the feed pump. 

176. Air-line Vacuum Systems. — A modification of the vacuxim return system 
is the vacuum air line system used exclusively in connection with single pipe steam. The 
vacuum system proper has the thermostatic trap at the return of radiator, and air and condensa- 
tion are removed through the return requiring no air valve on the radiator. Special air valves 
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on the principle of the thermostatic trap are attached to the radiators, which allow air to pass 
but no water or steam- These are connected together with 3^-in. pipe to a or 1-in. main 
and led to the basement to a drain or sink. This obviates the nuisance of air valves with their 
smells and leaks. An ejector or other mechanical apparatus for air removal may be used on 
the end of the line if desired. 



Fig. 20.4. — Dunham radiator trap. Fig. 205. — Webster Type N modula- 

tion valve, sectional view. 


17c. Vapor Systems. — Vapor systems are practically the same as vacuum sys- 
tems with the mechanical air removal omitted. The same valves and traps are used. The air is 
exhausted by a large vent on the end of supply and return mains by means of initially raising the 
pressure on the boiler. After removing the air, the vent on the end of the main automatically 
seals and if the system can be kept air-tight, the steam will circulate somewhat below atmos- 
pheric pressure. 

Another method involves an entirely open system with a main vent connected to the boiler flue to obtain a 
pressure below the surrounding air. Automatic regulators on the boiler controlling the draft prevent any steam 
pressure above atmosphere. Very slight pressure drops and large pipe sizes for the mains are required to accom- 
plish this. The same principles governing the flow of fluids are involved and special attention must be given to 
make sure that the pressures throughout the system will equalize quickly. Vapor systems are generally used for 
house heating and small plants where no exhaust steam is available. Thermostatic control fe advisable as there is 
practically no variation in the temperature of the medium beyond a few degrees. Fractional valves are commonly 
used on the radiators for both vapor and vacuum systems (Fig. 205). 

VI d. Donnelly Positive Differential System. — The positive differential system 
consists of the following essential parts: (1) a throttling valve for admitting the desired amount 
of steam to the radiators, (2) an impulse valve on the outlet of each radiator, (3) a positive 
differential valve located at each return riser for maintaining a standard difference in pressure 
between the steam supply and return risers. 

If the engine were exhausting at 3^-lb. back pressure, which would be the pressure in the supply riser and in 
the radiators when turned on full, the valve on the radiator would be set at H lb. to reduce the steam pressure to 
zero while allowing the discharge of water by gravity through the valve. The differential valves in the branch 
return are weighed to about 5 lb. per sq. in. (area of the valve seat) which permits a vacuum as high as 10 in. 
to be carried on the main return. 

17e. Vacuum Exhaust Steam Heating. — Where exhaust steam is utilized or where 
high pressure steam is reduced, a reducing pressure valve is required which opens and closes, 
governing the supply of steam automatically with the demand. This is composed of a dia- 
phragm and spring which with the valve seat establishes an equilibrium so that a constant 
pressure is maintained on the low side. Bypass valves are essential so repairs may be made 
and operation maintained. A back pressure valve is required so if the engine supplies more 
steam than necessary, the pressure in the heating main will open the valve to the atmosphere 
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and relieve the system. The back pressure valve also prevents air entering the system. These 
two pieces of apparatus keep the pressure constant in the mains, an essential point in proper 
operation and results. 

Vacuum systems are used where the exhaust steam is circulated at very low pressures in connection with 
its utilization from non-condensing steam engines There is undoubtedly economy in the mechanical removal 
of air fro*m any steam system. Much is claimed for vacuum systems, but except for removal of air, they are like 
any other steam systems. The vacuum in the returns cannot reach the steam in the radiators or mains due to the 
trap. If higher vacuum than corresponds with the return wmter temperature is carried, cold water must be injected 
back of the vacuum pump to reduce the temperature, or the condensation, being at a higher temperature than 
the boiling point at that pressure, vaporizes into steam. From the above it wdU be seen that a vacuum system 
can produce no pressure below atmospheric on an engine or turbine at the exhaust outlet. The best results are 
obtained when about 2 or 3 in. of vacuum are maintained on the return of the radiators or just enough to assure 
the rapid removal of the air leakage and condensation. 

17/. High-pressure Steam. — When high-pressure live steam is used for heating 
up to 20 lb., the water may be returned to the boiler by a return trap, a tilting tank that alter- 
nately connects the tank with the system, filling with water, and then by its added weight due 
to the condensation, tilting and connecting with the higher pressure steam in the boiler. As 
the tank is placed above the water line with checks to temporarily shut off the heating system, 
the water seeks its level in the boiler. When empty, the tank tilts back and an air valve 
relieves the residual pressure, shutting ofi the boiler steam. The pressure in the heating system 
forces in another charge and the operation is repeated. 

The same arrangement may be used for kitchen fixtures and high pressure drips on power plants, returning the 
condensation direct to a high pressure boiler. The circuit being sealed, it is very economical. 

Vlg. Hot Water Heating in Connection with Condensing Reciprocating Engines. 
It is possible to operate a hot water heating system with partial vacuum on a reciprocating 
engine but the range in vacuum and steam rate is not very great, due to the necessary changes 
in compression. The valves have to be set differently for condensing and for non-condensing. 
There are engines provided with facilities so the valve rods may be changed quickly but there 
has been serious objection to this practice. The best method is to operate the engine on, say, 
10 to 26 in. of vacuum and use additional live steam for the remainder of the heating 
requirements. 

Engines for this purpose should not have too large a ratio of cylinders as they are apt 
to be unable to carry the load on reduced vacuum; thus economy has to be sacrificed in summer 
due to engine design in order to utilize exhaust steam in winter. 

Many csases have arisen where steam has been tapped from the receiver between the high and low pressure 
cylinders. This will give good results if the engine is not too heavily loaded but just as soon as the receiver pressure 
drops, the interference is serious. There have been cases where reducing valve connections have been made to the 
receiver to help out the heavy intermittent draft for other purposes. It is obvious that this steam should be taken 
direct rather than by this method; the amount of steam generally that can be bled at this point is about the dif- 
ference in steam rate between non-condensing and full vacuum, or about 25 % of the engine’s minimum, full load 
requirements. The Bleeder turbine exhausting steam from between the stages involves the same principles. 

17/z, Combined Heating and Power. — It is generally admitted that when current 
may be purchased at rates below 1,5 cts. per kilowatt-hour, that exhaust steam heating combined 
with power generation is questionable as a' paying investment. 

The heating system is a dissipator of heat and no steam engine utilizes more than 15 % 
of the heat of the fuel for actual power, the balance being discharged into a lake or pond in the 
process of producing a low terminal pressure and high vacuum. 

Reciprocating engines for electric power generation due to low speed, space required, and 
costliness, are being rapidly displaced by the small turbo-generator with high speed and vac- 
uum although this machine is exceedingly uneconomical under non-condensing operation. 

Heating is required about 8 months of the year and while exhaust steam heating would 
prove profitable during that period, additional condensing equipment would be required for 
summer operation to maintain the economy and prevent the loss in summer of the saving in 
winter. 
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The requirements of an economical combined heating and power generating system may be 
stated as follows : 

1. Power cannot be generated under non-condensing conditions in competition with the public service plant 
with either reciprocating engines or turbines, due to the constant steam power rate. 

2 . In all cases the engine must of necessity deliver its full rated power load whether there is a heat balance or 

not. 

3. This means an almost constant quantity of exhaust steam due to the fixed terminal pressure at which it 
must be used on any steam system. 

4. The heating and power can only balance at one outside temperature as the heating requirements will vary 
from 100% in zero weather to less than 50% in moderate weather. Live steam will be required in. colder periods 
and steam will be wasted to the atmosphere during the warmer periods. Therefore a variable steam rate for 
power is required to balance the heating and maintain the constant power load if the combination is to be a paying 
investment. 

5. The turbo-generator under variable vacuums has a steam rate varying 100% between no vacuum and 
full vacuum, and hot water forced circulation enables steam temperatures below atmosphere to be used, whereby 
the variation of the vacuum so produced at the e’^haust outlet of the turbo-generator will cause the proper vari- 
ation in the steam power rate. Therefore, the condensing turbo-generator and forced hot water heating system 
have all the essential features for an economical combined heating and power system. 

The same economical and low cost condensing turbo-generator is employed that is used by 
the public service companies, with high vacuum at all times summer and winter when heating 
is not required. When heating is required, the heating system takes its portion of the condens- 
ing load, the variable vacuum producing the variable steam power rate, constant power load, 
and perfect heat balance. Thus a maximum power recovery is obtained from the heating fuel. 

m. Evans’ “Vacuo” Hot Water Heating System Combined with Power. — 
The writer has perfected a system of vacuum control on which letters patent are about to be 
issued, whereby the vacuum on a condensing turbo generator may be varied at will from 3-lb. 
back pressure to 28 in, of vacuum, independent of the power or heating loads without stopping 
the machine or opening the relief valve. 

The system has been in operation for several years in a large railway terminal in the East 
and the relations given are from actual test data and are, therefore, reliable. 

The saving of 70 % in steam as indicated, is not dependent on skill of operation, but is 
inherent in the physics of the problem. It is one of the easiest means of conserving the fuel of 
community at a profit by utilizing the heating fuel, steam, and boilers for combined power gen- 
eration. It is applicable to any heating plant of over 500-hp. capacity in zero weather, such 
as office buildings, factories, or institutions, as long as there is use for the available electric power 
during the period the heating system operates. 

The arrangement enables the plant to be placed on a proper accoimting basis whereby all heat and current can 
be metered and apportioned according to different departments and operations. 

There is a large plant known to the writer wasting about $100 per day in exhaust steam from two non-con- 
densing nozzle turbines used as auxiliaries for a turbo-generator whose entire steam load does not aggregate twice the 
steam these auxiliaries require. By purchasing 200 hp. in motors, this waste could be eliminated, yet this condition 
has continued several years. 

All fuel and power plant expense is lumped and divided by the number of units per day of the manufactured 
article. There is a very large machine shop receiving power and heat belonging to a subsidiary company manu- 
facturing presses for outside customers. This expense is all lumped in the articles manufacttored by the main plant. 
They actually do not know what it costs only in a very general "way or where the expense should be charged. 

Diagram 7 was deduced from an actual problem and reduced to percentages for convenience. If a plant used 
100,000 lb. of steam per hr. in zero weather for heating, and a steam rate of 16 lb. per kw-hr. could be obtained 
with 200-lb. initial pressure and 28 in. of vacuum, the average steam rate, hourly power load, and total recovery 

would be respectively 16 lb. X 140% = 22.4 lb., X 45.3 % = 2800 kw. load average, and 2800 X 4900 

hr. = 13,720,000 kw.-hr. X 1.2c = $164,640 per heating season of 8 mo. If plant operates 12 hr. instead of 24 hr,, 
the saving would be or $82,320. If the turbine condenser and plant cost $50 per kw. of 6000 kw., the invest- 
ment would be $300,000, or the debt on the plant would be amortized in less than 2 or 4 yr. This same turbine 
and condenser is available for power under full vacuum in summer and there would be no idle heating boilers 
in summer to be covered by interest and depreciation. If boiler operation and fuel is 0.7 ^ per kw.-hr. and it costs 
1.2ji per kw.-hr. to purchase current, the summer power load would involve a saving of 0.5 c per kw.-hr. in addition 

The 7 % area is the actual heat converted into mechanical energy, the 27 % area the increase in steam rate due 
to the reduction in vacuum during colder periods of higher circulating temperatures. The ordinates are the hourly 
percentages of the 100 % of steam required for zero weather heating. The abscissas are relative percentages 
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ot time the different outdoor temperatxires occur from the weather bureau reports. The 73 % area represents the 
power recovery in pounds of steam at full vacuum or the saving is 73 % of the heating steam. 

The lines 26 in., 27 in., and 28 in., are the increases in steam due to apparatus design for the lower vacuums 
which show the more economical the power machine the less the saving in fuel by utilizing exhaust steam for heat- 
ing. In this case, the cost of utilizing 75 % of the heating in exhaust steam is 30 % of the power, or H live steam has 
to be added to utilize exhaust steam for the heating. 
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Method ‘of calculating power recovered from heating fuel. 

A- Heating Joacf in Jb. of steam in zero wecrther. 

Steam rats perKW. ofrarbine, fu// racaum^ Hfr's rating. 

Heat convertecf into work ^ 7 fo 
Arerage beating. load - 63%. 

Approx, average rate KW. of recovery « J40 % of 3. 

Net ayai/aJb/e average steam for power = ^§fcf 7 ,XA. ^ ^ ^ 
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Diaobam 7. — Relative fuel saving and mechanical power recovery from the heating’plant under condensing 

and non-condensing operation, ** 


Note the actual variation of the power load is slight. It is constant for 57 % of the time (lines 20 in.^ 27 in., 
28 in. vacuum) and in the warmer periods above 45 deg. the increase in steam rate for proper heating temperature 
is not over 2 lb. per kw-hr. or less than 10 %, so it is not serious. The degree of regulation obtained on the heating 
system, as a whole, reduces the total steam over ordinary methods so that in most cases less coal would be burned 
for heating and power than would be used where the apparatus receives no attention, when outside temperature 
changes occur. Under ordinary conditions when the temperature drops, it is several hours before the rooms or 
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apparatus is affected and when the outdoor temperature rises, sometimes a day or two is needed before the sys- 
tem can be adjusted to the changed condition. 

Where the heating medium is regulated by the outside temperature at a central point, these weather changes are 
met long before the buildings and rooms are affected, thus tending to the economical use of heat and greater comfort. 

The 46 % area is the recovery of power by use of a bleeder turbine. This machine to operate successfully 
would have to be at least twice the capacity of the steam bled, this case 8000 to 10,000 kw., and might be larger than 
the maximum power requirements of the plant. The power recovery would be at the non-condensing steam 
rate. 

If the steam were used on a non-condensing engine or turbine it is readily seen that the wide variation in load 
due to the constant steam rate would never be met with a single unit. If the average load were balanced, at 
30-deg. F. outside, steam would pass to the atmosphere at temperatures above 30 deg. F. and live steam would be 
necessary at temperatures below 30 deg. F. The actual power recovery would not be more than 25 %. 

River or natural cooling water is not obligatory for the success of this system, as cooling towers may be used 
with equal economy and the savings are more than sufficient to warrant their adoption. They would operate 
12 mo. and divide the condensing load with the heating system in winter. 

In the middle west the industrial plant situation is in a deplorable condition as far as heating and power are 
concerned. Although the steam is generated from the fuel generally with good economy, the waste is criminal 
when applied to power and heating. The policy of the manufacturers is against spending any money for plant 
improvements that require a term of years to amortize the interest and principal with a saving in operation. The 
money makes a better showing with the stockholders distributed as dividends. 

The fuel in some of these plants amounts to $250,000 per year, but the total expense of power and heating is 
only 3 or 4 % of the total cost of the maniifactured article. 

One plant the writer investigated is using 10 lb. of coal in the plant for each kilowatt hour generated at times and 
the average is 6 or 7 lb. A saving of 25,000 tons per year could be made in this plant on an investment of $500,000. 
It is in addition, exhausting 12,000 tons per year to the atmosphere from steam hammers, and purchasing $65,000 
worth of current for a motor generator 20 ft. from the boilers and out board exhaust head. The 12,000 tons of coal 
on a low pressure turbine after leaving the hammers would exactly wipe out the $65,000 current expenditure with 
no fuel to purchase. This saving totals $250,000 a year conservatively calculated and would cut out the operation 
of 5 boilers or 2000 bp. in a separate plant with all attendant expense. The operation of this plant is notorious 
among engineers, but it is impossible to persuade the company to take action. Their yearly records showed a 
continuous increase in the kilowatt rate of about 1 lb. of coal per kw.-hr. per year with an increase in power load. 
It is with the idea that attention may be brought to manufacturers of the possibilities of remedying these wastes, 
that this section is* given. 

18. Comparison of Heating Systems. — ^The efficiency of any medium of transmission as 
steam, water, or air depends solely on the physical characteristics of the medium and not on 
any so-called trade name. 

The universal question of “What is the best system?” may be answered by stating that a 
building can be heated with equal satisfaction by any of the methods, and any system may 
prove unsatisfactory if it is designed, installed, or operated improperly. 

The same building was used as a problem to work out different methods and types of 
apparatus and these principles apply to all cases regardless of size or type. The same boiler 
and chimney capacity is required in all the cases and the accompanying table gives the results 
based on the different assumptions. However, the greater the rapidity of the movement of 
the fluid through the boiler, the less heating surface required for the same capacity. 

The conclusions drawn from the table and problem may be stated as follows: 

1. Radiation has nothing to do with the size of the boiler unless accompanied by the temperature of the room 
and the medium. The heat loss of the building is the actual work to be accomplished. 

2. The cost of the plant depends on the amount of radiation which in turn is determined by the average 
temperature of the steam or water. The lower the working temperature, the more costly the plant. 

3. There is practically no difference in the use of steam or water as far as temperatures are concerned and the 
limits of their application, except that water has a lower and wider temperature range than steam. 

4. Raising the pressure oto. a steam system increases the carrying capacity very rapidly due to the increased 
density of the steam (from atmospheric pressure to 10 lb., it is increased about 30 %). 

5. Size and lack of capacity (in the chimney) are more often the cause of unsatisfactory heating than the type 
of system (see chimney, boiler, radiation). 

6. In all mechanically circulated water systems the rapidity of circulation is independent of the temperatures 
of the medium. This is not true of gravity circulation, as the height of system and drop in temperature are factors 
in the determination of the velocity. The average heating temperature is effected as the drop is increased. 

7. All mechanically circulated water systems are independent of all grades or distances, as the power is applied 
externally. 

8. The wider the possible range in average temperature of the heating medium, the better regulation and possible 
economy. Moderate temperatures below 210 deg. F. are the most desirable working temperatures for both steam 
and water. 
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Schedule 

Type and system 

Pressure 

(lbs.) 

Average 
temp, 
(deg. F.) 

Drop in 
temp, 
(deg. F.) 

Water 
passed 
through 
boiler 
(cu. ft. 
per hr.) 

Surface 
(sq. ft.) 

Size 

of 

main 

(in.) 

“C” 

Low pressure steam overhead and 
from below 

5 

227 


25.6 

5310 

5 

“A” 

Gravity hot water 


210 

30 

860 

5465 

6 

“A'” 

Piping from below coils 

1 Forced hot water overhead 


210 

1 

20 

1300 

5725 

3 

“B” 

Gravity hot water overhead 


170 

25 

i 

1015 

8244 

8 


9. Air removal is necessary for all steam systems, either through the return with the condensation oi through 
a separate air line. Mechanical methods by pumps are the most satisfactory. 

10. The thermostatic traps required on all vacuum systems require cleaning periodically. This is a consider- 
able item in the upkeep of this type of system. Their initial cost should be an item of comparison as they are absent 
on hot water systems. 

11. Due to the constant temperature of the medium on steam systems, risers and mains necessitate the use of 
covering. This is unnecessary on water systems where the medium for the entire system may be changed in 
temperature to suit outdoor requirements thereby lowering the required temperature of the circulating medium. 
Covering is sometimes used to prevent the discoloration of plaster due to dirt collecting along the line of pipe due to 
convection and movement of air caused by the heated pipe. 


(а) Gravity circulation j 

(б) Mechanical circulation { 


19. Selection of a Heating System. — I’he selection of a system of heating for a building or 
group resolves itself into two parts: 

1. The type of heating surface whether direct, indirect, or a combination of the two. 

2. The medium of transmission — ^water or steam. 

Hot water 
Vapor steam 

Mechanical vacuum system 
' \ Forced hot water 

As either medium may be used with any or all types of heating surface, the latter being deter- 
mined by the utilitarian purpose of the building, or arbitrarily by the desires of the owner, the 
engineer is mainly concerned with the type of transmission system. 

This should be decided entirely on the basis of comparative i&rst cost of installation and 
operating expense. Where the items are nearly balanced the choice may hinge on other minor 
disadvantages or advantages of water or steam (liability to damage from bursting or freezing) 
concerning possible accidental damage which occurs seldom and is generally due to ignorance 
or careless manipulation. 


Consideration of this type of objection should be from the viewpoint of the actuary. The reductions in opera- 
ting or firiStJ'Cost should be weighed against the probability of the amount of damage occurring over a term of years. 

In small plants where the boiler is in direct circuit, either vapor steam or gravity will work out about equally 
advahtafee'ous, until the plant reaches about 3000 sq. ft. capacity. Then forced hot water with a pump and boiler 
directly in the circuit deserve consideration. The larger the capacity of the plant, the greater the advantage in 
the first cost of the forced hot water system. 

The vacuum valves and their upkeep should be balanced against the pump and cost of current in arriving at a 
decision. 

In all plants of this character where there is only live steam operation and no exhaust, the operating expense 
will be about the same, the difference being in the lower first cost of the mechanically circulated water arrangement 
over the vacuum steam arrangement. 

When it is desirous to use exhaust steam for heating at atmosphere up to about 300 hp., and there are no long 
distances, the vacuum steam is available, without change. Steam boilers have to be substituted for water boilers 
and additional heaters for exhaust steam added to the forced hot water arrangement. 

There is no limit to the size of the building or its purpose that will weigh one way or the other in the decision 
between water or steam, as these matters are covered in the type of heating surface which would he common to 
either. First cost and operating expense will determine the beet selection. 
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Table 20A. Approximate Relations op Operating and Installation Costs op Dif- 
ferent Methods of Heating Buildings 


Type of building 

Hot air furnace 

.Gravity indirect 

Low pressure steam 

.Hot blast fan system 

High pressure steam 

Low pressure steam — one 
pipe air line 

Vapor steam — 2 pi 2 )c with 
gravity air removal 

Vacuum steam — mechan- 
ical air removal — 2 pipe 

High pressure steam — for 
long distance mains 

Direct radiation with 10 
lb. or vacuum steam 

Gravity hot water closed 
system — 210 deg. av. temp. 

Gravity hot water open 
system — 170 deg. av, temp. 

Forced hot water — boiler in 
circuit — 210 deg. av. temp. 

Forced hot water heaters 
for exhaust blowers — di- 
rect radiation or both 

1 

2 

3 

4 

5 


7 

8 

9 

10 

11 

Residences and small buildings 

1 

G 


2 

4 



3 




2000 sq. ft. or leas of direct heating surface 












— ^incidental ventilation 

A 

F 


E 

D 



B 

C 



Garages and car barns 



3 

4 


• 6 

1 



2 


Direct heating surface below grade; trenching 












and excavation for boiler * 



c 

D 

F 

E 

B 



A 


Stores; lofts; ofi&ce, commercial, and Hght 












manufacturing buildings 



2 

3 


5 

1 



4 


Live steam, direct heating surface, incidental 







* 





ventilation 



C 

D 


E 

B 



.A 


Factory buildings 




1 


3 





2 

Exhaust steam under 300 hp. Direct or indirect 












with fans 




C 


B 





A 

Factory buildings 




3 


2 





1 

Exhaust steam over 500 hp. Direct or in- 












' direct with fans 




C 


B 





A 

Large public buildings requiring ventilation ; 



2 

4 


6 

1 



3 


schools, courts, jails, etc 



C 



D 

B 



A 


Office and business buildings, skyscrapers 




1 


3 





2 

Exhaust steam over 500 hp. — Direct and in- 












cidental ventilation 




C 


B 





A 

Hospitals and institutions 



3 

4 


5 

1 



2 


Live steam — Direct radiation and incidental 












fans for ventilation 



E 

D 


C 

B 



A 


Hospitals and institutions 

1 


j 

2 


3 




i 

1 

Exhaust steam less tnan 300 hp. heating sur- 












face with ventilation direct 




C 


B 





A 

Theatres and auditoriums 


1 

1 i 

3 


4 




2 


Ventilation — paramount. 




D 


B 




C 


Apartments and hotels with isolated plant 




2 


3 





1 

Direct heating surface with ventilation 




C 


B 





A 

Apartments 




2 

4 

3 




1 


No power-plant. Direct heating surface with 












incidental ventilation 




C 

D 

B 




A 



• A, B, C, D, order of costs, “A” mmimum operation. 
1, 2, 3, 4, 6 order of costs, “ 1 minimum installation. 
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We come now to groups of buildings heated from a central plant. There are three methods of transmission: 
(1) High pressure steam with vacuum steam in each building served through a reducing valve, (2) vacuum steam 
for mains and entire system, and (3) hot water forced circulation. 

Institutions where the power load is much less in proportion than the heating requirements, may be handled 
according to (2) for the nearby buildings utilizing exhaust, and by (1) by those further away. 

High pressure steam distribution due to small diameter of main required will prove the most economical method 
of heat transmission, and by regulating the pressure on a small main and utilizing the drop the steam may be trans- 
mitted with a minimum loss of condensed water from the pipe. Exhaust steam, however, cannot be used on a 
system of this kind. 

Low pressure steam, due to the large diameter of pipe necessary and constant operating temperature of the 
steam, is the most expensive method both for operation and cost of installation. Exhaust steam can only be used at 
atmospheric pressure or slightly above, and when live steam is necessary at periods of no exhaust, the economy is 
reduced. Grades have to be carefully observed and traps and drips provided with possibly power pumps to handle 
the condensation. 

Hot water forced circulation enables exhaust steam below atmosphere or live steam to be used with equal 
facility as no steam is taken outside the power house. The radiation loss from mains is greater than for high pres- 
sure steam but not as great as the vacuum steam system. All drips, traps, and vacuum traps are eliminated. 
Considering turbines may be used and the power recovery from the heating steam for plants over 500 hp. 'will make 
this arrangement preferable over any other by a wide margin and the first cost will be no greater than the vacuum 
steam and possibly less. 

The type of radiation effects the cost independent of the system of transmission as follows: 

• 1. Direct radiation generally costs less for operation and installation than indirect. 

2. The lower the temperature of the circulating medium, the more surface and greater cost of any type of 
radiation. 

3. Blowers and direct radiation in conjtmction cost somewhat more than either alone, but the flexibility is 
increased and lower temperatures and more satisfactory heating result, with greater economy in the use of heat. 

4. The larger the building or plant, the greater the difference in favor of mechanically circulated systems, 
both from the standpoint of first cost and operating expense. Table 20 A is an attempt to classify what is best and 
the order in which the combinations will work out both from an operating and installation standpoint. This is 
the wTiter’s. judgment from an experience of many years — the 1, 2. 3, etc., and the A, B, C, etc., respectively give 
the order of the combination as they increase in cost and operation. The experience and ability of the engineer and 
contractor have considerable to do with the results and in many cases the order will be reversed. The whole 
is subject to the foregoing discussion. 

VENTILATION 

20. Quantity of Air Necessary. — Ventilation consists briefly of all the artificial air con- 
ditioning necessary to maintain the air inside of a building in a condition desirable for certain 
purposes, such as for breathing or for making it suitable for given manufacturing processes, and 
at such standards as may be regarded as desirable. 

The most common form of ventilation is that used to furnish an air supply or an air exhaust 
for the occupants of a building and to keep the interior air from becoming foul — ^also remove 
objectionable odors, such as in kitchens, restaurants, and toilet rooms. 

In past years the amount of carbonic acid in the air has been used to determine the com- 
parative degree of purity even though it has been understood that carbonic acid itself is not 
dangerous. This is because pure air seldom contains over 4 parts of carbonic acid in 10,000, 
while in exhaled air the number of parts rises rapidly and almost proportionately with the other 
impurities. Therefore, a statement of the amount of carbonic acid present in a given sample of 
air, a measurement comparatively easy to make, may also be taken as indicative of the amount 
of other impurities. 

Each person gives off about 0.6 cu. ft. of carbonic acid per hour. If the fresh air entering 
a room has 4 parts of carbonic acid in 10,000, and the limit in the room is desired to be kept 
below a certain number of parts, the number of cubic feet per minute per occupant must be not 
less than as follows: 


Limit of parts of carbonic acid in 10.000 parts of air 

5 

6 

7 

8 

9 

10 

11 

12 

Cubic feet of fresh air necessary per minute per occupant 

133 

67 

44 

33 

27 

22 

19 

i 

17 
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Willie tlieae are the theoretical amounts of air required, some consideration must be given to the quantity 
of air contained in the room at the beginning of its occupancy, and also to the length of time the room is occupied. 
Thus, a church where the services are short and the volume of fresh air is large at the beginning requires less air 
for ventilation than a moving picture theater running continuously for 10 hr. a day and usually in more or less 
cramped quarters. The quantity of air necessary for ventilation is measured in cubic feet per minute per occupant 
or in changes of air per hour. Table 21 shows the cubic feet per minute (C.F.M.) per occupant or the number of 
changes of air per hour. 


Table 21i 



Supply 

Exhaust 

Room 

C.F.M. per 
occupant 

Minimum air 
changes per 
hour 

C.F.M. per 
occupant 

Minimum air 
changes per 
hour 

Assembly and convention halls . 

30 

S 

30 

8 

Boiler rooms 


10 


none 

Engine rooms 


4 to 6 


8 to 10 

Factories 

20 to 30 

4 

20 to 30 

4 

Foundries 


4 


4 

Halls and assemblies . . 

30 

8 

30 

8 

Mill buildings ... 

20 to 30 

4 

20 to 30 

4 

Offices (outside small) 

none 


none 


Offices (inside small) 


6 


6 

Offices Garge) 

20 to 30 


20 to 30 


Private office Garge) 


6 


6 

Private office (small) 


none 


none 

Public offices (large) 


4 to 8 


4 to 8 

Public offices (inside small) 


6 


6 

Public offices (outside small) 


none 


none 

Public toilet rooms 


none 


10 

Public waiting rooms 


4 to 6 


4 to 6 

Pump rooms 


4 to 6 


8 to 10 

Pound houses 


none 


12 

Toilets 


4 to 6 

. . ' 

10 

Waiting rooms 

none 



4 to 6 

HospitaU 





Anesthesia 


8 (with local 
control) 


12 

Autopsy 


4 


8 to 10 

Bakery 

* ■ 1 

none 


10 

Bath, toilets, etc 

Boiler (large) 


none 

10 


12 

none 

Clothes storage 


none 


6 

Dairy, meats, etc 


none 


8 

Dark 


4 


6 

Delivery 

60 

8 

GO 

S 

Dining. 

20 

6 

30 

8 

Doctors wash 


none 


8 

Dressing 


none 


6 

Drying closets 


none 


20 

Electrotherapeutic 


6 


8 

Engine 


4 to 6 


8 to 10 

Examination 


6 


6 

Gymnasium 

30 

8 

30 

8 

Hydrotherapeutic 


6 


8 


1 From Heating and Ventilating Magazine. 
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Table 21 (Continued) 



Supply 

Exhaust 

Room 

C.P.M. per 
occupant 

Minimum air 
changes per 
hour 

C.F.M. per 
occupant 

Minimum air 
changes per 
hour 

Hospitals (Contirti^^d) 




4 to 6 

Ice making 


none 


Instrument (Prep.) 


none 


6 

Isolation 

30 to 60 

6 

30 to 60 

6 

Kitchens 


6 to S 


15 

Laboratories 


6 


8 to 10 

Laundry (small) 


none 


10 

Laundry (large) 


6 to 8 


12 

Lockers 


none 


6 to 10 

Machinery 


4 to 6 


8 to 10 

Marking and sewing 


none 


6 

Meats, dairy, etc 


none 

100 

8 

Operating 

100 

10 

• • 

Pantries (serving) 


none 


12 

Plaster 


4 


6 

Preparation (inst.) 


none 


6 

Pus dressing 


5 


8 

Pump and refrigeration 


4 to 6 


8 to 10 

Recovery 


8 


8 

Refrigeration and pump 


4 to 6 


8 to 10 

Serving pantries 


none 


12 

Sewing and marking 


none 


6 

Shops, etc 


none 


6 

Solarium 

.. 

4 


4 

Slop sink closets 


none 


12 

Sterilizing room 


8 


12 

Stores 


none 


4 

Toilets, baths, etc 




12 

Utility 


none 


12 

Waiting 

30 

6 

30 

6 

Wards (gen’l) 

30 to 60 

6 

30 to 60 

0 

Wards (contagious) 

100 

10 

100 

10 

Wash (doctors) 


none 


8 

Schools 





Auditorium 

20 to 30 

S 

30 

8 

Board 


6 

. . 

6 

Chemical lab 

30 

6 * 

30 

6 

Chemical cabinets. 

none 

none 

100 per cabinet 

. . 

Class 

30 


30 

6 

Coat 

none 

none 


8 

Commercial 

30 

6 

30 

6 

Corridors^ 





Domestic science 

30 

6 

40 

8 

Drawing 

30 

6 

30 

6 

Dress making 

30 

6 

30 

6 

Forge ahop2 


. . 

. . 

* - 

Forges 

200 c.f.m. 

per forge 

400 c.f.m. 

per forge 

Gymnasium 

30 

8 

30 

8 

Kitchen for lunch room 


6 to 8 


12 

Kitchen for cooking class 

1 30 

6 

60 

10 

Kitchen (model) 


6 


8 

Lecture 

30 

8 

30 

8 

Library 

30 

7 

30 

7 

Locker 

none 

none 


10 

Lunch 


6 


10 

Machine shop 

30 

6 

30 

6 
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Room 

Supply 

Exhaust 

C.F.M- per 
occupant 

Alinimum air 
changes per 
hour 

C.F.M. per 
occupant 

Minimum air 
changes per 
hour 

{School<i Continued) 





Model apartment 


4 to 6 


4 to 6 

Office — general 


6 


6 

Office — private 

none 

none 

none 

none 

Physical laboratory 

30 

6 

30 

6 

Recitation 

30 

6 

30 

6 

Shower baths 

none 

none 


10 

Swimming pool 


4 


10 

Toilets 

none 

none 

, , 

10 to 12 

Wardrobes 

none 

none 

. , 

8 

Wood working 

30 

6 

40 

8 

Hotels 





Ball rooms 

30 

8 

30 

8 

Banquet hall 

30 

8 

30 

8 

Bathroom (private) 


none 


10 

Boiler room (large) 


10 


none 

Dining 

30 

8 

30 

8 

Engine (large) 


4 to 6 


8 to 10 

Kitchen 


6 to 8 


15 

Laundry 


6 to 8 


12 

Locker room 


none 


10 

Pump room Garge) 


4 to 6 


8 to 10 

Toilets (main) 


none 


12 

Toilets (private) 


none 


10 

Libraries 





Administration center 

. , 

6 


6 

Book rooms 

30 

6 

30 

6 

Crfllleriefl (public) 


4 


4 

Galleries (picture) 


4 


4 

Lecture rooms 

30 

8 

30 

8 

Locker rooms 


none 


10 

Lobbies (large buildings) 


1 8 


none 

Museums 


4 


4 

Reading rooms 

30 

6 

30 

6 

Stack room 


none 


4 

Toilet rooms 


none 


10 

Churches 





Auditorium 

20 


20 


Banquet 

30 

8 

30 

8 

Coat and locker 

none 

. . 



Sunday School 

30 1 

. . 

30 


Social rooms 

30 

8 

- 30 

8 

Toilets 


none 

none 

8 to 10 

Theatres 





Auditorium 

30 


30 


Lobbies 


10 



Retiring rooms 


4 


4 

Smoking rooms 


6 


10 to 12 

Toilets 


none 


S to 10 


^ Air supply to corridors should be 4 changes per hour or enough additional to be sufficient to counterbalance 
the excess of exhaust from all rooms connected to corridors where there is no air supply or where the supply is less 
than the exhaust. 

2 The air supply to a forge room should be not less than 30 C.F.M. per occupant and should be increased to make, 
up any unbalanced condition occurring when the forges axe all running, each being supplied with 200 C.F.M. air 
blast and 400 C.F.M. forge exhaust. 
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21. Methods of Ventilation. — -There are three general methods of accomplishing ventilation : 
(1) The supply of fresh air at 70 deg. F. with slight increase in temperature furnishing the neces- 
sary heating increment and the exhaustion of an equal amount by means of fans; (2) exhaust 
ventilation only, depending on chance inlets for a replacement; and (3) the supply of fresh air 
with either gravity vent flues or none at all. Obviously the first is preferable from a standpoint 
of efficiency and results. 

22. Position of Inlets and Outlets. — It has been found that the most suitable position for the 
air inlets and outlets in class rooms of schools is in a cross wall at right angles to the outside wall 
of buildings. The inlet should be as near the inside wall as practicable, about 10 ft. from the 
floor, and the outlet near the outside wall at the floor level. The air will then pass along the 
inner wall, returning along the outside wall to the vent flue. 

There has been considerable controversy in the past as to the best position of inlets and 
outlets for ventilating systems. The question is purely one of temperature, the colder air 
(whether foul or fresh) seeking the lower level, always in proportion to its relative tempem- 
ture and weight. This temperature will be governed somewhat by the volume of entering 
air, in proportion to the cubic contents of the room and the temperature of the air in the room. 
If the change of air in the room is sufficiently often to prevent a rise in temperature inside the 



Fia. 21. — Auditorium occupied, aunliary 
stack inoperative, damper open, top ventilation 
necessary. 



Fig. 22. — Bottom ventilation only required 
when heating unoccupied auditorium, top 
damper closed, auxiliary stack operating. 


room, there will be but small difference in the weight and temperature of the contained air and 
the incoming air. If the air change is such that there is a considerable difference in tempera- 
ture of the entering air and the air contained in the room, the entering air will fall to the floor, 
due to its greater density if at a lower temperature. Cold air and hot air will not mix until 
diffusion with interchange of heat has had time to take place. 

If these facts are carefully considered, the proper position ot outlets can be predetermined. In all problems 
involving large assemblages of people, the object is to cool the room rather than to heat the space, due to the amount 
of heat supplied by the audience. 

In the ventilation of auditoriums, whether fan or gravity is used, the foul air mxist be removed .at the top due 
fco its extreme temperature after a period of operation, as the temperature may be as high as 100 or 120 deg. F. 

Figures 21 and 22 show the arrangement used for ventilating and heating several large court rooms in an eastern 
city, and show why top ventilation is needed when the auditorium is occupied, and why the top outlet should be 
closed when the room is being heated. This is true of all auditoriums, as when heating alone is desired, the enter- 
ing air must be warmer and ligher than the air in the room and the outlets should be at the bottom. When ‘the 
occupants exhale air and bodily heat is radiated, the foul air of any room containing a large number of people in 
proportion to the cubic contents is lighter than the incoming air, and the outlets should be at the ceiling. For a 
perfect system, both top and bottom ventilation should be provided. 

A register at the top of the room should automatically close when the room is below the temperature of the 
incoming air, and open when conditions are reversed. The register may be operated in conjunction with automatic 
heat control on direct radiation in the room, or on the auxiliary stack in the fresh air supply. 

In schools the size of the ordinary class room, the frequent air change required prevents any wide difference in 
temperature in the room, and the top register is generally dispensed with. The best practice is to heat the room 
by direct radiation, independent of the air supply, especially during sessions. 
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23. Preheating Air for Ventilation. 

23a. Bonble-duct System. — This method of heating and ventilation involves 
a double-duct system, one for tempered air and one for hot air, the two being mixed at the base 
of the supply flue by means of a mixing damper controlled by a thermostat in the room. There 
is also heat control at the fan for both tempered and hot air. The method is complicated and 
should be avoided. The reasons for this are as follows: The rooms are located different dis- 
tances from the fan, with different conditions existing in the room, the thermostat in the room 
is expected to set the mixing damper so as to proportion a mixture of tempered and hot air with 
varying temperature differences. With the losses in ducts, different requirements in the 
rooms not accounting the fact that the conditions in any case may be reversed, it would be 
impossible to obtain any accurate adjustment of the system. 

This system has been tried again and again without success in the last 40 yr. regardless of many claims to the 
contrary. There are simpler methods wherein the vaiiables are under control to a greater extent. 

236. Combination Direct and Indirect System. — The heating may be accom- 
plished by a separate direct heating system with sufficient radiation to counterbalance the wall 
and glass losses. The temperature may be maintained about 10 to 15 deg. below 70 deg. F. 
when the room is unoccupied. This is more economical than using the fan system during peri- 
ods when the rooms were unoccupied, as in schools. All fan systems require excessive boiler 
power in zero weather although the requirements are somewhat below that of direct radiation 
in moderate weather. Automatic heat control should be provided in connection with properly 
designed and operated ventilation sj^stem. 

23c. Individual or Centralized Auxiliary Stacks. — For buildings where direct 
radiation is undesirable, a very positive and efficient method is to provide a central heating 
chamber and fan to heat the air to 70 deg. F. or slightly below that temperature. Auxiliary 
stacks are placed at the base of each flue and controlled by the room thermostat to provide 
additional heat for strictly heating purposes. By-pass dampers, arranged to pass the air at 
70 deg. F. around the auxiliary stack or to pass it through the surface reheating it to above 70 
deg. F. may be used. This type of damper does not need to be graduated in its action as it 
may be wide open or closed. 

A modification of the individual stacks is to group several flues with one large auxiliary stack, having the wall 
chase extend below the stack level, with a damper arranged to be operated by a thermostat in each room so as to 
take air above 70 deg. F. from above the stack or at 70 deg. F. from below the stack as the case may require. The 
last room to be brought up to temperature will have the power of the entire stack. The thermostats controlling 
the dampers are arranged in series so the steam is shut off from the entire stack when the rooms are all taking air 
at 70 deg. F. This would apply to buildings more or less continuously occupied. Exposed or concealed direct 
type of radiators may be used installed in thn rooms with the air supply blown through them. 

24. Theaters and Auditoriums. — A very cheap and successful method of ventilating 
theaters and churches with high ceilings and places where large numbers of people congregate 
intermittently, is as follows: Place a large ventilator, with as little resistance as possible, on the 
ro if and provide it with a damper thermostatically controlled to shut off when heating is 
required and the place is unoccupied. Provide the fan and heater with a series of outlets at a 
fairly high level where convenient space may be had with automatic heat control on the heating 
stacks. The thermostats should be operated by the incoming air which should be about 65 deg. 
P. if the inlets are high enough. 

The roof ventilator damper may be controlled by the room temperature, the higher the position of the 
thermostat, the higher the temperature at which it should be set. When the audience has assembled, more than 
sufficient heat will be supplied to operate the thermostat, and the vitiated air will pass out of thereof ventilator. 
The fresh air will fall gradually, due to its weight, and diffuse without perceptible draft. Some experiment and 
observation is necessary in each individual case to properly set the thermostat. If properly proportioned and 
adjusted, this system will give excellent satisfaction. 

Fig. 23 shows an economical and efficient method of ventilating a moving picture theater. Many of these 
have an exhaust fan at the rear, but little or no provision for fresh air supply. A supply of fresh air is more impor- 
tant than is the removal of foul air. With only the exhaust system there can be no real certainty from where 
the air is coming. If fresh air is forced into a building with power, there is greater certainty that it will reach the 
points intended. In all of this class of work both air supply and air exhaust should be provided, so there will be 
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Fig. 23. — Arrangement for heating and ventilation of moving picture auditorium. 
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no question of obtaining fresh air nor any doubt as from where it is coining. Both supply and exhaust snould be 
mechanically operated by fans, with sufficient heat to provide proper temperature and obviate drafts, 

25 . Methods of Air Distribution. — Figs. 24 and 25 show methods of air distribution for hot 
blast systems for factories, one with the flues within the wall, and the other with them on the 
outside, both supplied by an underground duct system. 

These systems are very expensive to operate due to the high initial temperature necessary, 
to overcome the loss of temperature in. the underground duct. In some cases there will be as 
high as 60 deg. difference between the tem- 
perature of the air leaving the apparatus and 
that entering the room. This may be made 
up by increasing the volume of air but it does 
not reduce the expense, especially with air 
leaving the heater at 120 to 150 deg. F. Insu- 
lation of the ducts will prevent some of the loss 
but at no inconsiderable expenditure. 

Both of the above methods place the larger portion of 
the cost of the heating system in the building construction 
contract. If for any reason an allowance for duets and 
flues is required afterward, it is not likely to be the actual 
expense. Separate prices should be taken from the build- 
ing contractor and all duct and flue work charged to the 
heating system in order to determine the true cost of such 
a method of heating. 

Fig. 26 shows what is known as the stand pipe method 
of distribution. This takes considerable floor space but 
reduces the radiation loss from ducts. The use of the 
hollow concrete building columns making the annular 
space into air distributing ducts with the air supply from 
above and the fans on the roof, makes a very desirable 
and economical arrangement. 

Where only fan heating or indirect radiation is used, 
a large part of the air supply temperature is absorbed by 
the masonry, overheating the upper floors while the first 
two floors are cold. A combination of direct radiation, 
as hereinafter described, will obviate this difficulty by re- 
ducing the air temperature as well as the required volumes. 

26 . Air Washers. — Air washers (Fig, 27) 
are mstalled for one or all of three purposes; 

(1) for cleansing and washing air for ventilation, 

(2) for the humidification or adding the moisture 
required to condition the air in the rooms to produce comfort, and (3) for cooling and dehumidi- 
fying the air for ventilation in summer. 

i 

They are placed between the air inlet and the fan. Two sets of coils are used in connection with the air washer, 
one, known as the tempering coil, to raise the air to near the dew point or 40 deg. F. when the outdoor air is below 
this temperature; the other, known as the heating coil, to give the saturated air the final increment of tempera- 
ture after passing the washer, which determines its fiinal temperature and percentage of humidity. 

27 . Automatic Temperature Control. — ^Automatic temperature control systems consist of 
(1) a thermostat placed at the point in the room or place where the temperature is to be regu- 
lated, (2) an hydraulic or electric motor driven air pump to furnish air pressure to actuate 
diaphragm valves or dampers, and (3) the air piping system interconnecting the diaphragms. 

Furnace draft regulators consist of (1) the thermostat and (2) the small dry cell motor which regulates the 
furnace drafts. 

The use of thermostatic regulation will prove economical as it will save 25 to 30 % of the heat used in individual 
rooms. This saving is the same for all systems whether water or steam, where a constant temperature of the medium 
u maintained. Where the temperature of -the medium may be varied with the outside weather, individual room 
regulation may be dispensed with. On indirect systems in connection with heating air, it is indispensable for 
controlling the temperatures if economical and satisfactory results are to be obtained. 


Wafer supp^-‘ 


Bjmp 



\/iofor here 


Wafer stipp^ 

Crain ^ over/fetY fb semr/ 


Clevafion 

Fig. 27. — Carrier air washer. 
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28. Duct and Fan Design. — Ducts and flues for heating and ventilating are usually con- 
structed of galvanized iron or masonry. When galvanized iron is used, they may be round or 
oblong in shape and are often built of No. 24 U. S. gage up to 350 sq. in. of area, No. 22 U. S. 
gage from 351 to 1200 sq. in. of area, and No. 20 U. S. gage above this, with suitable stiffeners 
Casing for heaters, fan connections, fresh air intakes, and other large compartments are usually 
built of No. 18 IT. vS. gage. 

Ducts and flues are generally made in the shape of sections and joined up on the job, special 
connections being installed after the main lines are in place. There are various methods 
employed by different contractors for joining the various sections, some of the more common 




Fig. 28. — Methods of stiffening and locking seams for air ducts. 


types being here illustrated (see Fig. 28). For smaller work the use of an angle iron is unneces- 
sary, the standing seam giving all the stiffness required for short spans, but for spans over 4 ft. — 
and certainly for spans over 6 ft. — angle irons are desirable. Some engineers specify that ducts 
shall be stiffened so as to bear the weight of a man on a plank laid along the top at any loca- 
tion selected.” Flat seams are httle used in good work unless the size of the pipe is 12 in. or less. 


Round pipes from a purely efficiency standpoint, are always the best, the amount of metal required to furnish 
a given amount of air at a given velocity being less and the friction or resistance to the passage of the air also being 
reduced. In factories, shops, and other industrial buildings, roimd ducts and flues are the rule; in better classes of 
buildings, where space is at a premium, square or rectangular flues are used most exclusively. The length of the 
long side of a rectangular flue should never be more than three times the length of the short side unless absolutely 
unavoidable. 




Wa// 

.■'F/ue 

y^ctlrame 
■'Chain and hook 

f^iskr face 
or gnile 
/olume damper 


Fig. 29. — -Arrangement of volume damper in flue inlet. Fig. 30. — ^Arrangement of volume damper for vent flue. 


Volume dampers should be placed so as to control with absolute certainty the quantity of air delivered to 
each outlet or inlet and it is impractical to try to design a system where such dampers are not needed. 

In Fig. 29 is illustrated an up-feed supply system outlet in which the vertical flue is carried a slight distance 
above the top of the outlet in order to form an air cushion and to help equalize the air flow across the register face. 
This distance, which is usually made 8 to 12 in., does not absolutely equalize the air flow but tends to prevent such 
a large quantity of air shooting out through the top third of the register as would be the case if a plain elbow were 
used. 

Fig. 30 illustrates a similar outlet for an up-feed exhaust system with a volume damper consisting of a piece of 
curved sheet metal riveted to the flue at the bottom and hooked to the proper position at the top by means of the 
chain and hook shown. The spring of the metal will hold this damper tightly in its proper place after being 
adjusted. To operate this damper, a hinged or removable register must be used and, for this reason, some engineers 
prefer controlling air in the flue from a damper located in the horizontal duct connecting to the top of the flue. 

Table 22 gives gages and proper weight for galvanized-iron duct systems. 
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Table 22. — Proper Gages ajnd Weights op Round G. 1. Pipe and Elbows for Duct 

Systems 


Compiled by Heating and Ventilating Magazine 


Gage and w'eight 
per square foot 

1 

1 

Diam. 

of 

pipe 

(in.) 

"Weight 

per 

lineal 

foot 

ab.) 

"Weight 

of 

full 

eU 

ab.) 

Gage and weight t 

per square foot 

1 

! 

Diam. 

of 

pipe 

(in.) 

"Weight 

per 

lineal 

foot 

Gb.) 

"Weight 

of 

full 

ell 

Gb.) 

28 g. 0.78 lb 

3 

0.7 

0 4 

20 g. 1.66 lb 1 

38 

18.2 

139.4 


4 

1.1 

0.9 

• 39 

18.7 

146.0 


5 

1.2 

1 2 


40 

19.1 

152.9 


6 

1.4 

1.7 


41 

19.6 

160.7 


7 

1.7 

2.3 


42 

20.1 

168.6 


8 

1 9 

2.9 


43 

20 6 

176.7 

26 g. 0.91 lb 

9 

2.4 

4.3 


44 

21.0 

185.0 


10 

2.7 

5.3 


45 

21.5 

193.4 


11 

2 9 

6.4 


46 

22,0 

202.2 


12 

3 2 

7.6 

18 g. 2.16 lb 

47 

29 2 

274.3 


13 

3 4 

8.9 


48 

29.8 

286.6 


14 

3.7 

10.4 


49 

30.4 

298.8 

26 g. 1.03 lb 

15 

4.5 

13.5 


50 

31.0 

309.9 


16 

4.7 

15.1 


51 

31.6 

322.5 


17 

5.0 

17.0 


52 

32 2 

335.1 


IS 

5.3 

19.1 


53 

33.0 

349.7 


19 

5.6 

21.4 


54 

33.6 

363.4 


20 

6.0 

23.9 


55 

34.4 

377.2 

24 g. 1.16 lb 

21 

7.0 

29.6 


56 

34.9 

390.7 


22 

7.3 

32.3 


57 

35.6 

405.1 


23 

7.7 

35.6 


58 

36.1 

418.8 


24 

8.0 

38.6 


59 

36.7 

433.1 


25 

8.3 

41.7 


60 

37.4 

448.6 


26 

8 7 

45.1 

16 g. 266 lb 

61 

46.7 

569.7 

22 g. 1.41 lb 

27 

10.9 

59.1 


62 

47.5 

589.0 


28 

11.4 

64.2 


63 

48.3 

608.6 


29 

11.8 

68.6 


64 

49.1 

628.5 


30 

12.2 

73.4 


65 

49.8 

647.4 


31 

12.6 

78.3 


66 

50.5 

666.6 


32 

13.0 

83.4 


67 

51.3 

687,4 


33 

13.5 

88.9 


68 

52.1 

708.6 


34 

13.9 

94.3 


69 

52.8 

728.6 


35 

14.3 

99.9 


70 

53.6 

750.4 

20 g. 1.66 lb 

36 

17,2 

124.4 


71 

54.3 

771.0 


37 

17.8 

131.4 


72 

55. 1 

793.4 


In this table th© weights include rivets, solder, and due aUowance for trimming and laps; the elbows have an 
integral radius equal to the diameter of the pipe. Rectangiilar pipes are usually made of same gage as round pipes of 
equal area. 

28a. Mechanical Circulation of Air in Ducts. — Diagram 8 shows the friction 
loss in ducts for hot blast apparatus as recommended by the American Blower Company. 
Diagram 9 is a generally accepted formula and curves of friction factors for sheet iron ducts. 
The formula is in feet head of air and can be converted into inches of water by multiplying the 

result bv when the result is obtained in feet head of air. Pounds per square foot is the 
o2.4 

weight per cubic foot of the air at the temperature in question. 
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The friction chert gives the results for round pipe velocities and discharge, and friction in inches of water. In 
figuring a duct system, the velocity head and friction of heaters and air washers has to be taken into account and 
the whole must be less than the static pressure produced 
by the fan. The velocity head in inches of water = h„ = 

V is the velocity in feet per minute. To 

change the circular ducts to square or rectangular ducts 

for the same service, use the formula D = j 

2{A + B) 

in which A and B are the sides of the rectangular duct. 

28&. Air Friction Through Coils, 

Radiators, Air Washers, Etc. — Table 23 gives 
a condensed tabulation of the resistance of 
various standard pipe coils and Vento radiators 
as used in connection with fans. The resist- 
ance varies directly as the number of sections 
deep, — i.e., 4 sections have twice the resistance 
as 2 sections for the same velocity. The friction 
varies as the square of the velocity. If the fric- 
tion for 2000-ft. velocity is desired, it will be 4 
times the friction at 1000-ft. velocity, or if that 
for 300-ft. velocity per minute is desired, it will 
be 0.25 of the friction for 600 ft. per min. The 
velocity through air washers should never be over 700 ft. per min. 



Dia-GEam 9. — Curves of coefficients for fricrtion for- 
mula. Flow of air in air ducts. 


Table 23. — Friction Through Heater Coils, Radiators, and Air Washers 

(in. of water). Nominal 1-in. pipe = 1.28 in. outside diameter — l>i-in. pipe « 1.66 in. 

4 rows to section 


Velocity through free 
area (ft. per min.) 

Number sections 
deep 

Mitre type, 2% in. c. 
to c., 1-in. pipe. 

ts 

S 

tH 

d 

5 

6 

s ® 

Return bend heater, 
2^^ in, 0. to 0., 1-in. 
pipe. 

'T 

d 

o 

•+J 

d 

.S d 

A. B. C. heater, re- 
turn bend type, 

1-in. pipe. 

Vento regular section 

Vento narrow section 

Webster air washer. 

Carrier air washer. 

d 

o 

d 

.2 

d 

o 

d 

d 

o 

d 

A 

kO 

d 

o 

d 

A 

d 

o 

d 

A 

d 

o 

d 

.5 

s 

iO 

/' per 

4P « 

19.6 

21.6 

12.33 

11.26 

18.1 

20.5 

17.34 

14.6 

14.3 

12.2 

10.3 



sec. 

1 sec. 

















0.06 

0.04 

0.04 

0.022 

0.043 

0.040 

0.034 

0.032 

0.03 

0.026 




J 4 

0.09 

0.09 

0.06 

0.06 

0.044 

0.084 

0.076 

0.064 

0.061 

0.055 

0.047 





0.12 

0.13 

0.08 

0.08 

0.066 

0,126 

0.112 

0,094 

0.09 

0.08 

0.069 

0.36 

0.33 


u 

0.15 

0.17 

0.11 

0.11 

0.088 

0.168 

0.149 

0.124 

0.119 

0.105 

0.090 




f2 

0.10 

0.10 


0.07 

0.04 

0.077 

0.070 

• 0.060 

0.058 

0.052| 

0.046 




J 4 

0.16 

0.16 

0.10 

0.10 

0.08 

liWHi! 

0.135 

0.114 

0.109 

0.097 

0.084 




1 6 

0.22 

0.23 

0.14 

0.14 

0,120 

0.224 


0.167 

■nigij 

0.142 


0.64 

0.688 


is 

0.27 

0.30 

0.19 

0.19 

0.160 


0.265 

0.221 

0,212 

0.187 

0.161 




f 2 

0.16 


0.11 

0.11 

0.062 

0.120 

0,109 

0.094 

0.090 


0.072 




4 

0.25 

0.26 

0.16 

0.16 

0.124 

0.235 

0.211 

0.178 

0.171 

0.152 

0.132 




1 ® 

0.34 

0.36 

0.23 

0.23 

0.186 

0.350 

0.313 

0.262 

0.251 

0.223 

0.192 




18 

0.43 

0.47 

0.29 

0.29 

0.248 

0.47 

0.415 

0.346 

0.332 

0.293 

0.251 




Friction varies as the square of the velocity. 

Friction varies directly as the number of stacks deep. 
Multiply by 5.19 to change to pounds per square foot. 
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Table 24 shows the general practice as to the assumed velocities of air through ducts for 
different classes of work. 

Table 25 is an equalization table for pipe sizes for duct work and is used in the same manner 
as the one previously given for iron pipes. 


Table 24. — ^Air VsLoaTiEs Through Ducts 


Velocities in feet per minute 

Maximum 

velocities 

Recommended velocities 

Schools, theaters, 
churches, and 
public biiildings 

Machine shops, 
foundries and 
factory buildings 

Schools, theaters, 
churches and 
public buildings 

Machine shops, 
foundries, and 
factory buDdings 

Through fan outlet 

2000 

2500 

1600 

2000 

Through heater 

. 1400 

1800 

1000 to 1100 

1200 to 1300 

Through horizontal duets i 

1200 

2500 

900 to 1000 

1200 to 2000 

Through vertical risers 

750 

i 2000 

600 

1000 to 1600 

Through register or outlets . 

450 

1600 

353 

600 to 1200 

Through intake ducts: 

1400 

1700 

1000 

1200 

Peripheral speed fan wheel . 

3500 

i 

2700 to 3000 

1 

3000 to 4000 


28c. Gravity Circulation. — In figuring ducts for gravity ventilation, the method 
described in Conrad Meier's ''Mechanics of Heating and Ventilation" is used. The formulas 
are as follows : 


Let h = 

r/ = 

To = 

Pr - 

P/ = 

Pr = 
d = 


a = 
Q = 

B = 


height of flue in feet, 
absolute temperature of flue, 
absolute temperature outside. 

pressure to overcome resistance of construction, in pounds per square foot, 

pressure in pounds per square foot due to friction. 

pressure in pounds per square foot to create velocity. 

diameter in feet. 

perimeter in feet. 

area in square feet. 

cubic feet second at 70 deg. F. 

velocity in feet per second. 


Total pressure created in pounds per square foot: 

P 0.076 ^ above 70 deg. F. 

Total pressure created in pounds per square foot: 

P =» 0.075^^^ — ^ for vent flues at 70 deg. F. 

Pressure in pounds per square foot to overcome friction: 

Pf = 0.075 X 0.00624^1^ I 
Pressure to overcome various resistances: 


Pr == 0,075 X 1.25r- 


(vy 


Pressure to created velocity: 
Actual velocity obtainable: 


2g 


(lb. per sq. ft.) 


. P ~ (P/ + Pr) 


Theoretical velocity 


/o -P® Q 

\ ^^0.075 “ a 
- ^ 


( Q « cu. ft. per sec. at 70°F 


P 

,075 


( 1 ) 

( 2 ) 

(3) 

(4) 
( 6 ) 

( 6 ) 

(7) 


In Table 26, the available power for gravity flue is given, taken from Meier's charts, and in Table 27 the friction 
for lengths and discharge of square ducts of various areas are given. In Table 20 on indirect radiation previously 
given, the resistance in pounds per square foot is tabulated for the various types and sizes one section deep for 
ISO-ft. velocity per minute. For any other velocity, square the proportional difference, f.e., twice the velocity 




Table 25. — Equalization Table 
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Tise 4 times the resistance. By trial it is fairly easy to proportion the system so that the friction is well within 
75 % of the total available head. Due to the uncertainty of gravity ventilating systems and the expense of installa- 
tion. thej^ are becoming less and less used. With the cheap cost of electric power and its universal availability 
for operating fans and motors, positive results and greater satisfaction are assured by their use. Except in the 
case of small residences, gravity ventilation has little to recommend it. 

Tables 26 and 27 will prove useful in checking the flow and friction for hot air furnace 
installations and all cases where movement by gravity in ducts is involved (see previous 
examples). 

Ti43LE 26. — Available Head por Flues of Given Height and Temperature Difference^ 


flb. per sq. ft.) 


Height 

(ft.) 

Pressure in pounds per sq. ft. difference in temperature for flues— outside or entering air 

20 deg. 

30 deg. 

40 deg. 

50 deg. 

60 deg- 

70 deg. 

SO deg. 1 90 deg. 

100 deg. 

150 

deg. 

100 

0.27 

0.40 

0.52 

0.65 

0.75 

0.S7 

0.99 

1.1 

1.2 

1.7 

90 

0,25 

0.36 

0.47 

0.57 

0-68 

0.79 

0.89 

0.99 

1.1 

1.5 

80 

0.22 

0.32 

0.42 

0.52 

0 61 

0.69 

0.78 

0.86 

0.95 

1.3 

70 

0.19 

0.27 

0.36 

0.45 

0.54 

0.61 

0.C8 

0.76 

0.83 

1.15 

60 

0.16 

0.24 

0.31 

0.37 

0.45 

0.52 

0.59 

0.C5 

0.7 

1.00 

50 

0.136 

0.2 

0.26 

0.32 

0.37 

0.43 

0.49 

0.55 

O.C 

0.82 

40 

0.11 

0.16 1 

0.22 

0.255 

0.3 

0.35 ! 

0.33 

0.43 

0.47 

0.C6 

30 

0.0825 1 

0.12 1 

0.16 

0.2 

0.22 

0.26 i 

0,29 

0.32 

0.35 

0.. 0 

20 

0.055 

0.08 ! 

0.107 

0.13 




0.22 

0.24 


10 

0.027 

0.04 

0.052 

0 065 

0.075 

0.0S7 

0.098 

0.11 

0.12 

0.17 

5 


0.02 

0.0255 

0.032 

0-037 

0.043 

0.05 

0.055 

0.06 

0.082 

3 




0.019 

0.022 

0.026 

0.029 

0.032 

0.035 

0.05 


^From “Mechanics of Heating and Ventilation” by Conrad Meier. 


28d, Duct and Fan Circulation. — Using the heat loss in Fig. 7 and Table 13, 
1,233,000 B.t.u. per hr. for —10 deg. F. outside and 70 deg. F. in the room, determine the sizes 
for heater and duct system, with Diagram 7 and accompanying tables. 


The entering air temperature will be assumed at 120 deg F. or 50 deg. above the room temperature with 10 deg. 
lost in the ducts. The total heat required will be = 3,450,000 B.t.u. per hr. 

The air required will be 

B.t.u. per hr. 3,450,000 _ 3,450,000 , 

60 min. X diff. X spec, heat of air X IV at 70 deg. F. “ 60 X 140 X 0.24 X 0.075 151.2 ou. it. per 

min. 


If all out door air were used, this would have to be raised from — 10 deg. F. to 130 or 140 deg. F. 

In extreme weather it is customary to recirculate part of the air say K, from the room at 70 deg. F. and the 
remainder from out of doors. This arrangement is accomplished by means of dampers. If the air is recirculated, 
the rise in temperature wiU be M the air from 70 deg. F. and from — 10 deg. F., or the entering temperature of 
the mixture will be 30 deg. F., average. 

Assuming for this case 5-lb. steam presstire in the coil or 227 deg. F. and a velocity of 1200 ft. per min. through 
22,820 

the clear area of the heater, we have 19.02 sq. ft- free area. 


From the tables in the manufacturers’ catalogs, a pipe coil may be selected with = 17.1 sq. ft. of heating 
surface per sq. ft. free area. The number of stacks of pipe coils deep required can be calculated from Formula 
7, p. 1122. 

T jz3 - /w 

- 02 “ 0.1118F + 127 
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Table 27. Friction, Areas of Square Flues, and Discharge in Cu. Ft. per Min. for 
Square Ducts for Use in Gravttt Ventilation^ 


Ti 

Ti D* 

u fci ‘V ^ 



Areas of ducts in square feet 

Pressu 
(lb. pe 
per 10 
length 

0.5 

0.8 

1 

1.5 

2 

2.5 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 

20 

25 

0.03 

240 

450 

600 

1020 

1500 

1980 

2550 

3720 

1 I 

4980 1 6240 1 7800 

9000 

lOSOO 

12100 

15600 

21000 



0.02 

204 

360 

492 

840 

1200 

1620 

2070 

3000 

4020 

5040^6240 8100 

8400 10200 

12600 

16800 



0.015 

168 

315 

420 

720 

1050 

1410 

1770 

2580 

3540 

4380 j 5400 lecOO 

7800 

8520 10800 

14400 

20000 

28500 

0.01 

141 

252 

336 

570 

870 

1140 

1470 

2070 

2760 

3540j4320j5220 

6000 

6900 

8700 

11700 

16800 

22800 

0.009 

132 

240 

324 

540 

810 

1050 

1380 

2010 

2640 

3360 14080 1 4920 

5700 

6720 

8100 

11100 

16200 

21600 

0.008 

120 

225 

300 

510 

774 

1020 

1260 

1860 

2520 

315o!3S4o|4620 

5280 

6120 

7800 

10620 

15600 

20700 

0.007 

111 

210 

276 

474 

720 

924 

1178 

IGSO 

2310 

2SS0 

3570 

4320 

4980 

5760 

7200 

•9780 

14400 

19200 

0.006 

107 

192 

255 

432 

648 

858 

1104 

1600 

2130 

2700 

3300 

4020 

4620 

5280 

6720 

8880 

13200 

17100 

0.005 

99 

174 

234 

396 

582 

798 

1002 

, 1 

1440 

1980 

2460 

3000 

3600 

4200 

4800 

6000 

8400 

11880 

15600 

0.004 

84 

156 

210| 

354 

516 

700 

882 

1260 

1710 

2190 

2640 

3240 

3720 

4260 

5400 

7200 

10800 

14400 

0.003 

1 72 

144 

180 

300 

444 

588 

780 

1098 

1470 

1920 

2280 

2790 

3240 

3660 

4656 

6180 

9000 

12000 

0.002 

58 

108 

1441 

240| 

360 

480 

606 

834 

1200 

1500 

1890 

2220 

2580 

2940 

3720 

5040 

7380 

9780 

0.0015 

50 

■ 91 

126 

210 

318 

408 

522 

774 

1032 

1290 

1590 

1968 

2190 

2520 

3240 

4290 

6360 

8400 

0.001 

40 

75 

102 

171 

252 

330 

420 

612 

834 

1056 

1260 

1560 

1770 

2040 

2580| 

3480 

5100 

6900 

0.0008 

36 


90 

150 

220 

294 

3S1 

540 

740 

924 

1140 

1410 

1620 

1800 

2280 

3120 

4500 

6000 

0.0006 

1 31 

57 

i 76 

130 

1 192 

260 

327 

468 

636 

792 

1000 

1180 

1380 

1 

1600 

1980 

2670 

3840 

5160 


1 Froro. “ Mechanics of Heating and Ventilation” by Conrad Meier. 
Factor for round pipes = 0.87 


[ 1 X 2 = 1.07 

Factors for rectangular ! 1 X 3 = 1.18 Velocity = Discharge per minute 

shapes ] 1 X 4 = 1.3 ^ -A.rea at top of column 

1 1 X 5 = 1.43 


where /' is the square feet of heating surface per square foot of free area for one stack. These initial and final 
temperatures are given in all manufacturers’ catalogues. Utilizing the above formula and substituting proper 
values in the above equation. 

T 227 deg. 10 deg. 17.1 N 

‘-"227^"T:30 

Log_2.44^ ^ 0^8797^ 

0.0654 0i^0655 


N 


(0.1118 X 1200) -{- 127 
= 5.93 stacks of pipe coils deep, or 6. 


If the air is recirculated in extreme weather, which is advisable due to expense of steam or fuel when the outside 
temperature is about 10 deg. F. above zero, the number of sections required would be: 


Log 


(227 - 70) _ Log 1.6186 _ 0.2091395 


(227 - 130) 


0.0655 


0.0655 


= 3.2 or 4 stacks deep. 


Put in 4 stacks and recirculate or raise the steam pressure when below 10 deg. F., or recirculate a portion of the air 
in extreme weather. 

The total heating surface of the stack is 6 X 17.1 X 19.02 = 1950 sq. ft. surface. 

The friction through the heater will be that due to a velocity of 1200 ft. per min. The condensation at 5-lb. 
pressure will be, with air at — 10 deg. F., measured at 70 deg. F. = 3590 lb. steam per hr. If H the air 

is recirculated in 10 deg. F. weather, the rise in temperature will be ^ = 30 deg. The condensation will 

then be for a difference in temperature of 130 deg. —30 deg. = 100 deg., or X 3590 = 2564 lb. per hr. If all 



HANDBOOK OF BUILDING CONSTRUCTION 


1214 


[Sec. 1-29 


the air is recirculated, the rise in temperature will be 130 deg. —70 deg. <=» 60 deg., and the condensation will be 
2564 X 0.6 = 1540.0 lb. steam. 

Using Diagram 6, we have d's — 227 deg. F., = —10 deg. F., 02 = 130 deg. F., 0's — 02 

= 97 deg. F., 0s — 01 = 237 deg. F. Select the abscissa on the middle chart and move up to 
curve 0s — 02 = 97 deg. F., select the ordinate at this intersection and move to the right to 
the curves for 1200-ft. per min., velocity which gives / for pipe coils = 102.5 and for Vento = 
115. This ordinate is the one next to the heavy line illustrating a previous problem. 


Using a coil w4th / ~ 17.1 sq. ft. per sq. ft., the number of stacks of 4 row sections deep is = 6 deep or 

24 rows of pipes, which checks with the analytical work. Total surface — 19 sq. ft. X 6 X 17.1 = 1950 sq. ft. 
Moving on the same ordinate to the left to curves for 02 ~ 140 deg. F. and moving up the abscissa at this inter- 

section, we have 0« — 0jn = 157 deg. F., and from Diagram 5 we have k for pipe coils = 11.4 B.t.u. 

1950 X 157 deg. X 11.4 = 3,490,000 B.t.u. 

In case a Vento section is used, select from Table 20 the regular section, S^^-in. centers, /' = 14.6, 72-in. height, 
1 303 sq. ft. free area per section. 

= 8 stacks deep 

14.0 

19.02 sq. ft. total free area 
1.303 sq. ft. free area per section 
15 sections, 8 deep X 19 sq. ft. = 2280 sq. ft. of heating surface. 

From Diagram 5, using cast-iron Vento with 1200-ft. per min. velocity, and 6a — dm = 155 deg. F., 155 deg. 
X 10.2 B.t.u. X 2280 sq. ft. = 3,605,780 B.t.u. By selecting a section with the correct factor /, or changing the 
velocity, the most economical section may be selected. 

Assuming the condition of one-half the entering air recirculated or an average entering temperature, 6i — 30 
deg. F., da - 227 deg. F., 02 — 130 deg. F., 0s — 0i = 197 deg. F., 0^ — 02 = 97 deg. F., and 02 — 0i — 100 deg. F. 
Selecting Diagram 6 as before, 04 = 0i = 197 deg. F. and curve 04 — 02 = 97 deg. F., we have f for the Vento 
= 90 and for pipe coils = 80, da — 0^ for both is 140 deg, F., using curve 02 — 0i » 100 deg. F., and the same 
ordinate. 

80 


= 15 sections. 


Pipe coils will require, if f' is 19.6 (Table 23), 


19.6 


4.1 sections deep, say 4 sections, with slightly higher 


velocity or greater area. The square feet of heating surface or 19.02 sq. ft. free area = 19.6 X 19.02 X 4 = 1489.6 
sq. ft. in the coil, 4 sections, 4 pipe deep. Then 1500 sq. ft. X 11.4 B.t.u. (Diagram 5) X 140 deg.*= 2,394,000 
2 394 000 

B.t.u. per hr. — = 2500 lb., which checks with previous analytical work. 

yDl XD.t.U. 

Assuming 50-in. Vento, f = 14.92, 5^-in. centers, 0.905 sq. ft. free area per section, and 13.5 sq. ft. surface 
90 

per section, we have (Table 20) = 6 sections deep. 

19.02 total sq. ft. free area 
0.905 sq. ft. free area per section 
2l sections X 6 X 13.5 = 1700 sq. ft. of heating surface in the stack. 

Diagram 5 gives 10.4 B.t.u. for 1200 ft. velocity. 

= 2576 lb. steam per hr., which also checks. 

961 rJ.t.u. 

Diagrams 5 and 6 will enable any problem in handling air to be solved, either gravity or fan work, if the square 
feet of surface per square foot of area f' is known. This takes the place of all the voluminous tables in the Vento 
book and those published by blower companies. 


21 sections 


29. Duct Systems. 

29a. Trunk Line Ducts. — Fig. 31 shows a layout for trunk-line duct with 30 
outlets with a capacity of 1000 cu. ft. for each outlet. We will allow the lowest velocity at 
1000 ft. per min. for the longest line of 210 ft. Diagram 8 gives for 2000 cu. ft. (for the 2 outlets 
on this line) a 20-in. round duct and 0.09 in. friction per 100 ft. For all branch ducts, use 0.09 
in. per 100 ft. and for the main tmnk use 0.1. In using chart, follow up the 0.1-in. line until it 
intersects at right angles the discharge, and the nearest velocity and size pipe to this intersec- 
tion will be the proper ones to select. Deferring to letters on Fig. 31, Table 28 gives the result- 
ing readings. The duct lines are sized for practically the same drop per 100-ft. run and the 
velocities at the outlet are regulated by volume dampers set at the proper point. The opening 
of the nearby dampers will be much less than those at the end of the line. These are set with 
an anemometer after installation as the pressure near the fan is much greater than at the remote 
parts of the system. Flaring reducers may be used to reduce the velocity to the same rate for 
all outlets. 
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No. 

Capacity 
(cu. ft. per 
min.) 

Diameter 

(in.) 

Veloticy 
(ft. per min.) 

— 

Friction (in. 
of water per 
100 ft.) 

— 

Length 

(ft.) 

Friction (in. 
of water for 
entire 
length) 

Total 

friction (in. 
of water) 

K 

30,000 

56 

1,800 

0.110 

10 

0.011 


J 

28,000 

55 

1,700 

0.100 

30 

0.03 


I 

26,000 

54 

1,650 

0.0975 

30 

0.0293 


H 

24,000 

52 

1,600 

0.09 

30 

0.027 


D 

8,000 

34 

1,275 

0.09 

30 

0.027 


C 

6,000 

30 

1,200 

0.09 

EU 25 

Tee 30 

0.0495 


B 

4,000 

26 

1,060 

0.085 

SO 

0.0255 


A 

2,000 

20 

900 

0.075 

SO 

0.0225 

0.2218 

KJIH 






0.0973 


E 

2,000 

18 

1,100 

0.13 

30 

0.039 


F 

4,000 

24 

1,250 

0.13 

30 

0.039 


G 

6,000 

27 

1,500 

0.15 

30 

0.045 

0.2203 


The total drop in friction iT, J, J, J?, D, C, B, A (Table 28) 0.2218 

The friction through the heater 6 sections, 1200 ft. velocity. Table 23 gives ABC coil @ 1000 ft. — 24 pipes 
0.186 in. water 0.186 X (1-2)2 in. \^-ater 0.268 

Velocity head 1800 ft. per min. or 30 ft. per sec. = 0-2 

Allow 50 % duct, loss for obstructions 0.11 

Total 0.7998 

in. water 

A pressure head of 1.25 in. x^ater on fan will be ample. The horsepower of the fan will be as follows: 

Let B = head in inches of water = 1.25 in. 

Q s= cu. ft. of air at 70 deg, F. per min. = 30,000 cu. ft. 

33,000 ft.rlb. = 1 hp. hp. = 

In such calculation take fan efSciency at 50 % although it may run from 40 to 60 %. 

, 5.2 X 30,000 X 1.25 in. ^ 

“ 33,000 X 0. 5 “ 


296. Separate Ducts. — Mg. 32 is a layout for separate ducts for eacli flue or 
room. In this case there will be the same drop in the total length of each duct, varying the 
area and velocity to accomplish this, rather than, as in the former case, having nearly the same 
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drop per unit of length. Also, it is desirable to use rectangular ducts so that they will lie close 
together. We will make E and K double the depth, or 24 in,, while the others will be 12 in. 
Using Diagram 8 as before and 0.21 in. for the total drop in each duct, we have 


Table 29 


No. 

of 

outlet 

No. 

register 

outlets 

Capacity 

of 

outlet 
(cu. ft.) 

Total 
capacity 
(cu. ft. 
per min.) 

Length 

of 

pipe 

(feet) 

Drop 

per 100 ft. 
0.21 X 100 

1 

(in. of water) 

Diameter of 
pipe 
(in.) 

Velocity 
(ft. per min.) 

Size -rec- 
tangular pipe 
4X,dXB 
^ -2U+By 

(in.) 

A 

2 

1000 

2000 

10 

2.10 

S 

1800 

6 X 12 

B 

2 

1000 

2000 

40 

0.52 

lOM 

1700 

10 X 12 

C 

2 

1000 ! 

2000 

70 

0.3 

iiM 

. 1400 

12 X 12 

D 

2 

1000 

2000 

100 

0.21 

12M 

1200 

14 X 12 

I.E. 

6 1 

1000 

6000 

130 

0.161 

13 

1100 

15 X 12 

J.F. 

6 . 

1000 

6000 

160 

0.131 

14 

1000 

16 X 12 

G 

4 

1000 

4000 

! 190 

0.111 

im 

950 

18 X 12 

K 

1 

2000 

2000 

190 

0.111 

18K 

1050 

15 X 24 

H 

2 

2000 

4000 

220 

0.0955 

19 

1000 

16 X 24 


The total drop in the above system will be the same as for Fig. 31. This system is often used in schools and 
especially where tempered air at 70 deg. F. and higher is desired for combined heating and ventilation. The de** 
sired temperature is obtained by the use of thermostatically controlled mixing dampers. 



Fig. 32. — Separate duct system. 
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Fig. 32 a . — Cross section through separate duct system (Fig. 32). 

It often occurs where the ventilating system is combined with the heating system, as in schools or auditoriums, 
that the heat carried by the air necessary for ventilation will be more than enough to produce the proper tempera- 
ture, in such cases, the B.t.u. losses should be divided into the amount of air required for ventilation to obtain the 
proper rise in temperature. If the B.t.u. loss is 1,600,000 and there are 2000 people requiring 30 cu. ft. of air per 
min. for ventilation, then the diffusion or heat required above the normal room temperature to replace the heat 
losses will be 


Diffusion 


1,600,000 B.t.u. 1,600,000 _ « 4 ^ i . i 

2000 X 30 X 0.075 X 0.24 X 60 “ 648,000 ^®pl^ce the heat losses. 
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It the air for ventilation is raised to 3 to 5 deg. above the room temperature, it will be sufficient for wanning. This 
will give an entering temperature of 73 to 75 deg. F. The heater must be designed by the same method as before 
but with greater area and less rise in temperature. 

As a general rule, ventilating system should not be combined with the heating system. Separate heating 
systems should be provided, in addition to the ventilating system, for the sake of economy. 

30. Fans and Blowers. — Power fans should be used for all ventilation. Such equipment 
can he obtained in a variety of forms, convenient and economical to operate. There are 
several types of fans, each having its characteristics. 

Disk fans, which are used for ventilation, will remove the air from a room or supply air for 
any purpose where large volumes are desired at low resistances. It is not economical to operate 
them on a duct system against any appreciable resistance. The '' Ventura ” fan and the “Black- 
man” fan are built up to 10 or 12 ft. in diameter and make excellent exhaust fans. Cone fans 
wiU produce considerable pressure and they need no housing. 

The old type of paddle wheel fan is built by aU fan manufacturers. The width is about 
the diameter and the wheel diameters are generally from 2 to 16 ft*. The housings come the 
same as for other fans, with various arrangements for the outlets and inlets. They are excellent 
where a slow speed is desired, as when operated by an engine, although they take up a great 
deal of space. 


In selecting fans the important points to look for are to see that they are perfectly balanced and have oil wells 
with ring bearings. The speed should not be over a mile a minute for the periphery of the wheel. At speeds higher 
than this any fan is apt to be noisy. 

Multiblade Fans . — This type has a very large inlet nearly the full diameter of the wheel, with a series of narrow 
blades set close together in the rim. They are coming quite generally into favor due to the small space required for 
a given capacity as compared with the paddle wheel type. 

This type of fan was introduced by John Davidson of Belfast, Ireland, and exploited by the American Blower 
Company- Other companies followed and varied the design for selling purposes. They are known as the “Sir- 
roco,” Multivane, Conoidal, Plexiform, and others, depending on the company selling them. 

These fans are well adapted for high speed prime movers, such as turbines or motors. For large capacities 
they are built double width with two inlets, requiring a small space and diameter with low headroom. 

All fan manufacturers issue detailed information concerning their product. Fan problems should be taken up 
with these companies direct, as limited space prevents a more extended treatment of the subject. Multivane 
fans have different characteristics peculiar to each type manufactured. 

Attention should be called to the use of disc ventilating fans in connection with long vertical flues for exhaust- 
ing air. The capacity of the flue under natural draft should be determined first, as in many cases the velocity from 
natural draft, due to height, is such that the fan and motor add nothing but actually reduce the capacity. In 
all cases requiring pressure and positive action against resistance the multivane type is the one to use. More 
positive action is also obtained by driving the air through a duct system than by exhausting it, that is, placing 
the duct system on the discharge of the fan rather than on the suction side. 

31. Allowance for Fittings. — Tables 30 and 31 give the corrections for elbows and fittings 
for steam, water, and air. The writer generally allows for these in the total head as they occur 
on all circuits in about like proportion. Due to the fact that construction may not be in accord- 
ance with the calculated assumption and these calculations are, at best, not accurate, the writer 
believes it better to allow in the total available head for friction in elbows and other fittings. 
Steam and water fittings have a great resistance when reducing on the run and these can be 
avoided in most cases in designing. With long turn ells on large sizes, in case of water , the 
losses are minimized. The table is given in case it is desired to include them in this class of work. 


Table 30. — ^Resistance of 90-Deg. Elbows 


Radius of throat of elbow in, 
diameters of pipe 




1 

IK 


m 

2 

2K 

3 

3K 

4 

4H 

5 

5H 

Number of diameters of straight 
pipe offering equivalent resistance 

67.0 

30.0 

16.0 

1 

10.0 

7.5 

1 

6.0 

5.0 

i 

1 

4.3 

4.5 

4.8 

5 0 

1 1 

5,2 

5.5 

1 

5.8 

6.0 
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Table 31. — Equivalent Length op Stbaight Pipe pok Eitttngs and Valves 


Size of pipe ^ 

(inches) 

IH 

IH 


2K 

3 

33-^ 

4 

5 

6 

7 

8 

10 

Steam ell 1.5 

3 

3.5 

5.0 

6 

9 

11 

13 

19.0 

24.0 

29 

35 

41.0 

Globe x'ulve 2.0 

4 

5.0 

7.0 

' 10 

14 

17 

24 

37.0 

44.0 

53 

61 

78.0 

Gravity water 2.0 

3 

3.5 

4.5 

6 

' 7 

9 

10 

14.5 

‘ 17.5 

19 

21 

26.5 


Note , — Long turn ells should be used on all steam and water on the larger sizes- Gate valves shotild be used 
instead of globe valves. Reducing fittings should be avoided on the run. High pressure steam does not matter 
as slight increases of pressure will obviate the matter and the maximum load is seldom carried. 


BOILERS, FUELS, AND CHIMNEYS 

32. Types of Boilers. — The different types of boilers may be classed as follows: 

(1) Water tube 

( Scotch Marine 
Locomotive 
Fire box boilers 

h. Externally fired 1 Horizontal tubular 

I a. Round 
6. Sectional 
c, Watertube 

The boiler proper is the heat absorbing surface interposed in the passage between the 
grate and the chimney to absorb the heat from the hot gases produced by the combustion 
of the fuel. Its function is separate and distinct from the combustion system composing the 
grate and chimney, 

33. Reqtiirements of a Perfect Boiler. — The writer cannot improve on G. H. Babcock’s 
. requirements for a perfect boiler published in Steam and they are just as true today as ever. 
They are as follows: 

(1) Proper workmanship, simple construction, and using materials which experience has shown to be the best. 

(2) A mud drum removed from the action of the fire to receive all impurities deposited from the water. 

(3) A steam and water capacity sufl&cient to prevent any fluctuation in steam pressure or water level. 

(4) Water surface for the disengagement of the steam from the water, or sufficient extent to prevent foaming 
and priming. 

(5) A constant and thorough circulation of the water throughout the boiler so as to maintain all parts as near 
the same temperature as possible. 

(6) Water space divided into sections so arranged that should any section fail, no general explosion will occur 
and the destructive effects will be confined to the escape of the contents. Large and free passages between the dif- 
ferent sections to equalize the water line and pressure in all. 

(7) A great excess of strength over any legitimate strain, the boiler being so constructed as to be free from 
unequal expansion strain and, if possible, to avoid all joints exposed to the direct action of the fii-e. 

(8) Have the combustion chamber so arranged that the combustion of the gases started in the furnace shall be 
completed before escaping to the chimney. 

(9) The heating surface as nearly as possible at right angles to the currents of heated gases so as to break up the 
currents and extract the entire available heat. 

(10) All parts readily accessible for cleaning and repairs both inside and outside. This is of the greatest 
importance. 

(11) Proportioned for the work and capable of working to the full capacity with the highest economy. 

(12) Equipped with the very best trimmings, gages, safety valves, and fixtures, not forgetting instruments of 
precision in order to determine the record of performance. 

(13) Straight tubes are .better than curved tubes both in cleaning and replacements as curved tubes are some* 
times hard to obtain in an emergency. 

34. Heating Surface. — The heating surfaces are classed as (1) direct fire surface or that 
exposed to the direct rays of the fire, absorbing heat both by radiation and convection; (2) 


(2) Fire tube 
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indirect surface or that which absorbs heat by convection only, and (3) superheating surface; 
or that which has steam instead of water on one side. The average absorption of power boilers 
is from 2000 to 3000 B.t.u. per sq. ft. of heating surface per hr. The American Radiator Com- 
pany claims an absorption of 10 B.t.u. per sq. ft. per deg. difference for direct heating surface 
and for indirect or flue surface for a difference in temperature of from 800 to 900 deg. between 
the water and gases, 3.5 B.t.u. per sq. ft. per deg. 

This means that the direct fire surface has a greater value by 4 or 5 to 1 than flue surface 
in a boiler. At the same time, these higher temperatures require a more intense fire and greater 
attention. 

36. Water-tube Boilers. — These are used where large units are required to economize 
space and obtain high rates of combustion in order to carry heavy overloads as well as a wide 
range of power load, thus reducing the number of boilers and fires. Most of them are composed 
of small cylindrical units with thin walls, capa*ble of withstanding high pressures. Ail are sold 
and rated on 10 sq. ft. of heating surface per horsepower. The heating surface being in tubular 
and cyhndrical forms, is fairly easy to check. Nearly all water-tube boilers require brick set- 
tings, and are erected in sections so that they maybe taken into buildings through small openings. 

36. Fire-tube Boilers. — As the name indicates, the heating surface of these boilers consists 
of tubes surrounded by water and through which the hot gases pass and are known as internally 
and externally fired. 

The Locomotive and Scotch Marine are the most common tjm^s of internally fired boilers, 
while the horizontal tubular is externally fired. The locomotive type has a fire box formed of 
the extension of the shell or barrel containing the tubes. The sides and top of the fire box are 
annular and require careful staying due to the fact that the surfaces are flat and will not with- 
stand pressure like cylindrical sections. They are short lived where bad water is used due to 
collection of scale on surfaces exposed to the fire. The type used for stationary heating practice 
is called a fire box boiler. 

The Scotch Marine boiler consists of a large cylinder with corrugated circular fire boxes passing from head to 
head, the grates setting in the lower portion of the fire box It may be built from 8 to 20 ft. in outside diameter 
and sometimes has 3 fire boxes. It may also be arranged to be fired from both ends. The circulation of the water 
under the corrugated fire boxes is poor due to the dead apace under the fire except when on a ship at sea. On 
land the circulation is remedied by using a small pump to circulate the water from the bottom to the top. No brick 
work is required, and the fire, ash pit, etc., are all surrounded by heating surface and water. The shell, however, 
needs to be well insulated. Combustion arches are sometimes used of masonry to aid combustion. 

The horizontal tubular boiler is the most common type of boiler used in stationary practice. It is a simple 
shell partially filled with tubes set in brick work and is one of the most reliable, and when well set will equal any 
boiler in economy. All shell boilers are limited as to pressures and capacity by the diameter and thickness of shell 
exposed to the fire. The riveting of the shell and bracing of the heads are important details of construction. 

The Hartford Steam Boiler and Inspection Company furnishes specifications and details of the best practice 
in the setting and construction of these boilers. Care must be exercised that sufficient entrance space is always 
provided for erection in buildings. 

37. Settings. — Boilers should be set with hard brick with lime mortar. Little cement is 
used due to the possibility of cracking. Furnaces and sides up to the lugs should be lined with 
fire brick set in fire clay. A slow fire should be started and kept going until the setting is thor- 
oughly dry to avoid cracking. The top may be covered with a course of brick or pipe covering. 

In the past domes were provided to furnish dry steam but due to weakening the shell, 
they are generally omitted and dry pipes furnished. 

Proper foundation should be placed under the walls with a sufficient thickness and spread to carry the boiler 
without settling. Buck stays and tie rods are used to hold the side walls in place and keep them from spreading 
but they shoffid never be used longitudinally. The boilers are supported in two ways: (1) directly on the walls by 
means of lugs riveted to the shell resting on the brick walls, and ( 2 ) by means of 4 steel columns, one at each corner 
of the setting, supporting a steel beam from which one or more boilers may be suspended with suspension rods 
riveted to eye bolts on each side of the shell. By this method of suspension the boilers are supported entirely 
independent of the brick setting. With the lug method, two lugs are used on each side, resting on plates on the 
brick work, the rear lug have bearing rolls so as to provide for expansion. 

Settings may be found in all boiler manufacturers’ catalogues. 

38. Area of Grate. — The rate of coal consumption per square foot of grate may be anything 
for which the combustion system is designed by taking the maximum power load in horsepower 
and reducing it to terms of fuel per hour. From 10 to 25 lb. of soft coal may be burned per sq. 
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ft. of grate per hour. Horizontal tubular boilers generally have a grate surface equal to the 
square of the diameter of the shell. This is often lengthened a foot or two where a slow rate of 
combustion for heating purposes is desired, for coal capacity and to reduce periods between 
firings, or for purposes of operating at overloads. 

39 . Rating. — The 36 to 42-in. boilers are rated at 12 sq. ft. of heating surface per horsepower 
and all above that at 10 sq. ft. They are built in units up to 355 hp. with 96-in. shells 22 ft. 

hp. X34 5 lb 

long. To reduce the ratings to standard square feet of steam radiation, multiply by — • 

It would be advisable when smaller sized fire-box boilers are used under low pressure for heat- 
ing purposes, to increase the heating surface per horsepower to 12 and 15 These catalogue 
ratings are simply a measure of the amount of boiler or heating surface being purchased, for both 
buyer and seller are equally able to check the size and heating surface. They have little to do 
with the rating under which the boiler may ultimately be operated in actual service. The 
heating surface per horsepower increases as the load decreases. Thus, if a boiler were operated 
under 60% of its rating in service, the square feet of surface per horsepower would be, if 12 sq. 
ft. were the standard at full load, 20 sq.-ft. of heating surface per horsepower. 

Any power boilers may be used for gravity or forced hot water circulation, and the water may be circulated 
directly through it. In the case of forced hot water circulation, the velocity of the water over the surface enables 
it to be reduced to about 6 sq. ft. of heating surface per hp. of work. In some cases the shells of horizontal tubular 
boilers have been completely filled with tubes for this purpose. This is of no advantage and makes the boiler 
inaccessible for inspection and the added tube heating surface is inefficient. 

Indetermming the size of a power boiler, multiply the B.t.u. loss by 1.3 and divide by 33,500 B.t.u. to obtain 
the boiler horsepower, and use 12 sq. ft. of heating surface per horsepower for small sizes and 10 for large. 

40 . Cast-iron Boilers. — Cast-iron boilers are built in sections so as to go into inaccessible 
places and through small passages. This method of construction makes the labor of erection 
and handling less. They are built round and square, the sections being connected with push 
nipples or screwed nipples with headers and lock nut joints. The general proportions are % 
direct fire surface and 3^ flue surface due to the draft resistance on low chimneys. The area of 
grate should be checked, and with the distance to the center of the fire door to the grate the 
possible fuel charge may be determined. Where low chimneys are used, the boiler selected 
should have as little flue surface as possible. Wliere a higher chimney is available, the flue 
surface will be of advantage. It is almost impossible to tell anything about the ratings and 
capacities of cast-iron boilers from the catalogues as the heating surface or the draft resistance 
are not given. One simply has to take the manufacturer’s word for the size and trust to 
experience. 

It is possible by proper firing on house heating boilers to burn soft coal with little smoke. 
If the fuel is fired at the front of the furnace and allowed to coke, as the distilled gases pass over 
the incandescent fuel bed at the rear, good results may be obtained. 

The American Radiator Company and Hart and Crouse (Royal) use the Hawley down draft which is composed 
of an upper water grate. The former uses cast iron and the latter uses a grid of extra heavy wrought-iron pipe on 
which the green fuel is fired. The upper fire door is left open to supply the air which passes down through the green 
fuel bed to the bed of coked coal on the lower grate. This lower fire distills the coal above and consumes the gases. 
After the coal is coked on the upper grate it is pushed or falls to the lower where combustion is completed. These 
boilers need greater intensity of draft than ordinary types and the construction of the water grate should be such 
that expansion strains are avoided, as these create leaks. 

The H. B. Smith and U S. Radiator Corporation use a form of combustion arch for smokeless boilers. Both 
these principles are weU known and are efficient. These types of boilers are being used on some of the largest 
buildings up to 40,000 and 50,000 sq, ft. capacity. The down draft furnace is used on any type of power boiler 
but stokers and forced draft are more usual for they give greater capacity and at the same time smokeless 
combustion. 

The necessities of the situation demand that heating boilers under 2000 sq. ft. of radiation be operated under 
a wide range of load with long periods (8 to 10 hr.) between firings thus engendering low flue temperatures and poor 
combustions. Under conditions of low flue temperatures, the fuel distills off with incomplete combustion, but 
with higher flue temperatures induced by a higher combustion rate, the products of distillation are consumed and 
more than make up for the loss engendered by the higher flue temperature. 

The higher flue temperatures and improved draft increase the capacity of the same boiler due to greater 
transmission rates and increased velocity of the gases. Most boiler manufacturers recommend an increase of 
25 to 100 % in the square feet of radiation installed when selecting a boiler by catalogue ratings, ascribing the reason 
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to uncovered mains, etc. For reasons already given, the square feet of radiation should never be used for the deter- 
nunation of the ma^mum boiler load although there is no objection to dividing the total B.t.u. load, as determined, 
by 250 B.t.u. to reduce it to the unit of rating in manufacturers’ catalogues. 

These increases should be made, but for entirely different reasons, as foHows: 

falculations for heat loss and radiation are on a basis of supplying the heat only to keep the room at 
^ deg. F. outside. In case the room drops to 60 deg. F. with zero weather outside, the 

building loss is reduced while the radiation transmission is increased, and all the mass of the building, furniture, 
etc., has to be raised to 70 deg. F. before the thermometer will register that temperature. 

2. In adchtion, if the radiation is cold, aU iron and water in the system has to be raised to the working tempera- 
ture, say 210 deg. F.^ A certain portion of this heat has to be furnished every time the radiators are turned off and 
although not lost, it is given out at such times as to be of little use for actual heating. This is an explanation of the 
excessive fuel when intermittent heating is practiced on a large plant. 

3. The time in which these losses can be supplied is dependent on the boiler capacity. The larger the boiler, 
the shorter the time, irrespective of the type of heating system. 

Assume the data of a previous problem with 1,239.000 B.t.u. per hr., and 5500 sq. ft. of radiation, and with a 
difference of (70 — 10) 80 deg. between the room and the outside. When raising a room temperature, the rise 

has to be doubled, or if 10 deg. rise is required, the actual work required will be 20 deg., so the heat required to raise 
it 10 deg. or from 60 to 70 deg, will be X 1,239,000 310,000 B t u. With 81b. of iron per sq. ft. of radiation, 

and 0.12 as the specific heat of iron, the heat to raise the iron from 60 to 210 deg. will be: 


Steam Systems 

(1) Iron, 5500 X 8 (lb.) X 0.12 X 150* (deg.) 

^ _ 1 ] 

80 “ 4 


(2) Increment 10-deg. rise ■ 


(3) Normal heat loss (0®-60°) = - 

4 j 

(4) Steam (medium), 5500 X 0.025 (cu. ft.) 

X 0.04 (spec, vol.) X 1000 = 


792,000 B.t.u. 
1,240.000 B.t.u. 

5500 B.t.u. 


« Total = 2,037,500 B.t.u. * 165% of 1,240.000 B.t.u. 

Water System 

Items (1), (2), and (3) = 2,032,000 B.t.u. 

(4) Water (medium), 5500 X 1.5 (lb.) 

X 1 X 150 (deg.) = 1,237, 500-B.t.u. 


Total = 3,269,500 B.t.u. « 266% of 1,240,000 B.t.u. 

if it is to be accomplished in one hour. If the work is to be done in IJ-^ hours, the boiler power required would be 
66% of the above items. As zero weather occurs seldom and the building would probably not be allowed to 
be cooled to too low a temperature at such times, 130 to 150 % should be ample if the boiler has the actual capacity 
represented. It is possible with proper chimney and draft to increase a boiler capacity to any reasonable extent. 

Boiler tests show that 500 deg. flue temperature and 6 to 7 sq. ft. of heating surface per boiler horsepower are 
required for economy of fuel. For a low flue temperature of 300 deg. and long periods between firings, 10 or 12 sq. 
ft. should be provided. It has already been fpund that the proper load is 130 % of B.t.u. losses. Assuming the cast- 
iron boiler manufacturer has rated his boiler on 7 sq. ft. per hp. of work, and 10 is needed, we have an increase of 
143 % in the rating due to lack of heating surfaces. 

Let S =*= radiation in square feet at 250 B.t.u. 

then 1.43 X 1.3 = 1.859 X S = catalogue rating of the boiler to be selected. This is about what the manufacturer 
recommends. See that the chimney is designed for boiler selected and not for the load. This is at best a guess. 
If the heating surface and draft pressui’e (flue temperature and height of chimney) is available from the manu- 
facturer, the problem is simplified. Remember these boilers axe tested and rated with high flue temperatures, 
good draft conditions and hard coal that requires minimum draft pressure which give the greatest fuel economy 
with a minimum of heating surface. 

In using cast iron boilers on forced hot water, the static pressure will limit the use of most makes to 40 lb. 
pressure as the test is 80 lb. The H. B. Smith Co. makes the mills water tube boiler with nearly ail direct surface, 
that will stand 200-lb. test. 

41. Boiler Trimmings. — All steam boilers must be provided with steam gage, water column 
with water gage and try cocks, safety valve, and damper regulator. Water boilers are provided 
with thermometers and an altitude pressure gage. All power boilers are provided with the same 
fittings or trimmings but of a different type, generally two safety valves, blow off cocks, low 
and high water alarm on the water columns’ and automatic check and stop valves. These 
latter automatically shut the boiler off in case of a break in the steam main. All trimmings, 
grates, and fire tools are furnished with cast-iron boilers. 

42. Connecting Two Boilers. — In connecting two or more boilers in a battery for gravity 
return heating, they should be yoked together with a large equalizing pipe in separate steam 
outlets independent of other connections. The return should also be connected in like manner, 
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otherwise the water line of the boilers will vary considerably. Equalizing connections outside 
of the boiler, between steam main and return main, do no good and sometimes harm. 

43. Check Valves. — Check valves of swing type should be used on all boiler connections 
so that water can enter the boiler, but not escape in case of breaks or carelessness in opening 
valves. They do not, however, assist circulation. If the system .circulates unequally without 
their introduction they will not better conditions. Many steam fitters think a check valve 
a panacea for all badly designed plants. 

44. Feed Pump. — If the duplex plunger pump is large and operated fairly slow with some 
attention to the needs, it is more economical than the centrifugal pump. It has this disadvan- 
tage that when the valves are all shut on the boilers the pump will place the full pressure on the 
feed fine before stopping. An automatic pump regulator would obviate this. 

The centrifugal pump will place a certain head on the main and’is fool proof. It also will fall off in power as the 
gallons are reduced due to curtailment and may be run continuously regardless of the water required. Operated 
by a steam turbine under back pressure, it will require more steam than the compounds piston pump with a due 
amount of attention. 


46. Equivalent Evaporation. — As boilers are operated at various steam pressures with 
possibly entrained moisture, their performance cannot be compared by simply determining 
the number of pounds of water evaporated by each Instead, the performance of each boiler 
must be reduced to its ^'equivalent evaporation’’ from and at 212 deg. and then the boilers may 
be compared on this common basis. The equivalent evaporation from and at 212 deg. is 
found by multiplying the number of pounds of water actually evaporated per hour by the 
^'factor of evaporation.” 


The factor of evaporation is equal to the number of heat units actually supplied by the boiler to each pound of 
steam, divided by the latent heat of one pound of steam at atmospheric pressure. 

Calling Q the quality of the steam formed in the boiler, L the latent heat of the steam formed in the boiler, h 
the heat of the liqui d of the steam formed in the boiler, and f/ the temperature of the feed water, then the factor of 
evaporation equals 

qL + h- (tf - 32) 


970.4 

46a. Illustrative Problem. — A boiler makes 98 % dry steam at 175 lb. gage pressure from feed water at 
115 deg. F. What is the factor of evaporation? 

q = 0.98; L = 846.9 (from Steam Table); h = 350.4 (from Steam Table). 


factor of evaporation = 


0.98 X S46.9 + 350.4 - (115 - 32) 
970.4 


= 1.131. 


The equivalent evaporation per hour in this boiler would be 1.13/ X weight of water actually evaporated. 


46. Boiler Efficiency. — Power boilers are operated at a wide range of loads with a more or 
less variation in efficiency. The Hmit is generally the point where the gases are not carried 
off fast enough and the brick work of the furnace commences to give way. This may be as high 
as 300 % of the rating, dependent on the arrangement of the combustion system. 

The efficieuty of any boiler is the ratio of the heat absorbed by the water and steam in the boiler per pound of 
dry fuel to the actual heat value of one pound of the coal. This is the combined efficiency of the boiler and furnace. 


47. Shipping and Erection. — The Babcock, Hornsby, and Stirling boilers are generally 
shipped in sections, the parts being erected on the job by rolling the tubes and nipples into the 
forging and drums. The Heine type, Cahall, and return tubular boilers are generally shipped 
in one piece, assembled, none of the parts requiring riveting on the job. This may have an 
important bearing on the selection of a type where space for entrance into a building has to be 
provided. Straight tubes that can be easily inspected and replaced are an important feature. 
Evaporation tests of high efficiency are not always to be taken as conclusive as they largely 
depend on skill of operation. For industrial plants the boiler that can be kept clean easily will 
probably give the best results in the long run. 

48. Fuel. — Since hard coal is used in most heating boilers, cast-iron boilers are rated and 
tested with hard coal as fuel, but due to the scarcity and expense of hard coal in many localities 
soft coal is coming more and more into use, and allowances should be made for its use. 

Of late, oil and gas have been used for fuel under boilers. The use of oil or gas requires 
a specially designed “burner” and frequently requires a specially designed fire box if good 
efficiency is expected. 
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2240 lb. go^ will occupy about 41 cu, ft. of space. For a ton of 2000 lb.. Lump will require 2S.8 

cu. ft., Broken 30.3 cu. ft., Egg and stove 30.8 cu. ft., Chestnut 32.8 cu. ft., and Pea 32.S cu. ft. 

Spontaneous combustion is brought about by the slow oxidation in an air supply which is insufficient to carry 
away the heat formed or to support combustion. Mixed lump and fine run of mine, wfith a large percentage of dust, 
piled so as to adimt to the interior a limited supply of air, make ideal conditions for spontaneous combustion. High 
volatile matter of itself does not increase this Uability to spontaneous heating. Freshly mined coal and fresh sur- 
faces exposed by crushing lump coal, exhibit a marked avidity for oxygen. 

49. Recommendations for Storing and Piling Coal.— 1. Do not pile over 12 ft. deep or so 
any point in the interior will be over 10 ft. from an air cooled surface. 

2. Keep dust out as much as possible. 

3. Pile so that lump and fine are distributed as evenly as possible, not allowing the lumps 
to roll down from the peak and form air passages at the bottom. 

4. Rehandle and screen after two months. 

5. Keep away external sources of heat, even though moderate in degree. 

6. Allow six weeks seasoning after mining before storing. 

7. Avoid alternate wetting and drying. 

8. Avoid admission of air to the interior of the pipe through interstices around foreign 
objects, such as timber, brick work, or porous bottoms. 

9. Do not try to ventilate the interior by pipes as more harm than good is often done. 

50. Fuel Consumption.— Methods of estimating fuel consumption may be based on grate 
ireas, square feet of radiation installed, or cubic contents of buildings. The U. S. Treasury 
Department estimates 5 tons per sq. ft. of grate per season of 240 days, or 1 lb. of coal per cu. 
ft. of building contents for the same period. District heating companies estimate 500 lb. of 
steam per sq. ft. of direct steam radiation per season or practically 70 lb. of coal of good quality. 

60a:. Combustion. Combustion, as the term is used in steam engineering, is 
the rapid chemical combination of oxygen with the carbon, hydrogen, and sulphur composing 
the various fuels. This combination takes place at high temperatures with the evolution of 
light and heat. It is necessary to provide for an excess of air of from 50 to 100 % when burning 
coal, due to the inert nitrogen, of from 18 to 24 lb. of air per pound of coal. Less air results in 
imperfect combustion and the formation of carbon monoxide, Co. 

Table 32. Allowable Rates of Combustion on Hand-fiked Boilers with 

Natural Draft 


Pounds of coal per 

Grate areas, square feet square foot grate per hour 

6 or less, small ^ 

6 to 10, medium §7 

10 or larger 6 6 to 10 

10 to 18 6 to 10 

20 to 30 10 to 15 


With stokers and forced draft, sufficient coal may be burned to operate boilers 200 to 300 % of rated capacity 
and with a combustion rate as Mgh as 50 lb. per sq. ft. of grate per hour. 

61. Smoke. — Visible smoke is composed chiefly of small particles of carbon. The actual 
carbon in dense smoke amounts to about 1 % of the carbon in the fuel. The accompanying loss 
is due more to combustible gases which may amount from 3 to 10%. High CO and smoke in 
the stack gases represent high losses, not so much in themselves as in the indication of unburned 
hydro-carbons. 


Some of the causes of smoke are: (1; The furnaces and the grates are not properly designed to burn the amount 
of fuel fired. There is no equipment on the market that will burn equally well all coals found in the United States. 
( 2 ) Draft too small. (3) Unskilled firemen. (4) Combustion space too small. (5) Wood, paper, and other refuse 
burned. (6) Sudden space in the load. (7) Excessive loads maintained. (8) Failure of gases and air to mix. (9) 
Low temperature in furnace. 

If the boiler setting is tight and the flue gases contain no more than 12 % CO 2 , there is an abundance of air. 
If the furnace is white hot, there is sufficient temperature. If there is an abundance of air, with CO in the gases, 
insufficient mixture is the trouble. Too small combustion space is probably the most common of all causes of smoke. 
The grate must be at such a distance below the heating surface that the flame will be burned out before it reaches 
the heating surface. 

The following measures will assist in preventing smoke: 

i. The coal should be supplied in small quantities and at frequent intervals. 
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2. The air supply should be slightly in excess of the theoretical requirements as an auxiliary supply at the front 
or rear of the furnace to burn the gases. 

3. The furnace temperature should be sufficiently high to ignite the gases. 

4. A fire brick combustion chamber designed to cause a thorough mixing of the gases and air should be provided. 

6. Steam jets usually placed above the fire door are used to assist in mixing the air and gases. The best 

method is to admit air through small openings around the jet which acts as an injector. If allowed to run continue 
ously, their operation costs more than the value of the coal saved. 

6. Proper firing methods. 

7. By use of doi^m draft boilers and stokers. 

62. Chimneys. — Chimneys are for two purposes: (1) to carry off obnoxious gases, and 
(2) to produce draft and so furnish power to draw air into the furnace to properly support com- 
bustion. The first requires area of cross section and the second, height. 

Each pound of coal burned yields from 13 to 30 lb. of gas, the volume of which varies with 
the temperature. The weight of gas to be carried off by the chimney in. a given time depends 
on three things: (1) effective area of chimney and velocity of flow; (2) the density of the gas; 
and (3) the friction offered by the passage of the gases. The density decreases directly as the 
absolute temperature and the velocity increases with a given height in proportion to the square 
root of the temperature. It follows that there is a temperature at which the weight of gas is a 
maximum. This is about 560 deg. above the surrounding air. This quantity is only about 4% 
greater than at 300 deg. temperature. 

The intensity of draft is independent of the area of the chimney and depends entirely on the difference in weight 
of the outside and inside columns of air which varies as the product of the height into the difference in temperature. 

To find the maximum draft with 550 deg. difference between the outside and inside temperature, multiply 
the height in feet above the grate by 0.007 and the product will be the draft in inches of water. 

53. Chimneys for Power Plants.— The effective area of a chimney is different from the 
actual area due to friction of the walls. For preliminary work, Table 33 may be used for 
approximation. This table is based on the use of 5 lb. coal per horsepower per hour . 

Table 33. — ^Approximate Horsepower for Different Heights ane Areas Burning 5 
Lb. Coal per Horsepower per Hour 




Height of chimneys and commercial horsepower 


Side of 

Effec- 

Actual 

Diameter 

Cinches) 

50 

ft. 

60 

ft. 

70 

ft. 

80 

ft. 

90 

ft. 

100 

ft. 

110 

ft. 

125 

ft. 

150 

ft. 

175 

ft. 

200 

ft. 

square 

(inches) 

tive area 
(sq. ft.) 

area 
(sq. ft.) 

18 

23 

25 

27 









10 

0.97 

1.77 

21 

35 

38 

41 









19 

1.47 

2.41 

24 

49 

54 

58 

62 








22 

2.08 

3.14 

27 

65 

72 

78 

83 

•• 







24 

2.78 

3.98 

30 

84 

92 

100 

107 

113 







27 

3.58 

4.91 

33 


115 

125 

133 

141 







30 

4.48 

6.94 

S6 


141 

152 

163 

173 

182 






32 

5.47 

7.07 

39 



183 

196 

208 

219 






35 

6.57 

8.30 

42 



216 

231 

245 

258 

271 





38 

7.76 

9.62 

48 




311 

330 

348 

365 

389 




43 

10,44 

12.57 

54 




363 

427 

449 

472 

503 

551 



48 

13.61 

15.90 

60 




505 

536 

565 

593 

632 

692 

748 


54 

16.98 

19,64 

66 





658 

694 

728 

776 

849 

918 

981 

59 

20.83 

23.76 

72 





792 

835 

876 

934 

1023 

1105 

1181 

64 

25.08 

28.27 

78 






995 

1038 

1107 

1212 

1310 

1400 

70 

29.73 

33.18 

84 


... 




1163 

1214 

1294 

1418 

1531 

1637 

75 

34.76 

38.48 

90 


... 




1344 

1415 

1496 i 

1639i 

1770 

1893 

80 

40.19 

44.18 

96 


... 




1537 

1016 

1720 

1876 

2027 

2167 

86 

46.01 

50.27 

102 






- . . 


1946 

2133 

2303 

2462 

90 

52.23 

56.75 

108 








2192 

2402 

2594 

2773 

96 

58.83 

63.62 

114 








2459 

2687 

2903 

3003 

101 

65.83 

70.88 

120 

126 









2990 

3308 

3230 

3573 

3452 

3820 

106 

112 

73.22 

81.00 

78,64 

86.59 

132 









3642 

3935 

4205 

117 

89.19 

95.03 

138 









3991 

4311 

4608 

122 

97.75 

103.86 

144 


' 







4357 

4707 

5031 

127 

) 

106.72 

113.10 
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The following discussion and methods were published in the Heating and Ventilating 
Magazine, March and April, 1917. 


The most common error made in regard to chimneys is that of not distinguishing between the size (which governs 
the volume of smoke they can handle) and the height (which determines the intensity of the draft). A chimney 
may be high enough yet with an area too small to do the work required. On the other hand, it may be large enough 
but too low to produce a draft of the strength required to pull the air through the fire and up the chimney at a suffi- 
ciently rapid rate. Either fault, or a combination of both, will result in unsatisfactory service and will require 
remedying. 

Chimneys have to overcome their own losses consisting of the friction of the gases rubbing against the sides in 
their upward passage. For this reason, a circular shaped flue is most desirable; the next, square; and after that 
oblong with the long side not more than double the length of the short side. 

The most efficient chimney, as far as draft is concerned, is one built perfectly straight from the bottom up, 
round (or nearly round) in the shape of the interior flue, and lined with tile, or with the interior surface made as 
smooth as possible by other means. There is no advantage in tapering the inside of a chimney to a smaller size 
toward the top for it only retards the flow of the gases. 

Steel is most efficient but unless well painted is apt to deteriorate from corrosion after a very few years, espe- 
cially on heating plants when inoperative in summer. Hadial brick chimneys are becoming quite common. Rein- 
forced concrete is also used. 

A square chimney can hardly be figured as having its full area effective, a deduction of 10 to 15 % being neces- 
sary on account of the spiral movement of the gases leaving the corners dead and inactive. With an oblong shape 
the effect is more pronounced, a deduction of 25% being none too much. The use of tile flues will not only aid this 
sh'ghtly owing to their rounded corners, but wdll also safeguard much of the fire risk due to mortar falling out 
between the bricks as time passes, and leaving openings through which a spark might pass- As the tile serves 
to retain the gases and smoke, it also prevents leakage wrhich can spoil a chimney action at any time no matter how 
perfectly the flue may otherwise be built. 


Table 34. — Draft Loss in Fire ’ 
(In. of water) 


Fuel 

Pounds of coal per square foot per hour burned on grates 

5 

10 

15 

20 

25 

30 

35 

40 

45 

Anthracite, 










No. 3 buck 

0 15 

0.40 

0.76 

1.24 






No. 1 buck 

0.10 

0.24 

0.44 

O.GS 

1.00 





Pea 

0.06 

0.16 

0.30 

0.45 

0.65 

0.90 

1.20 



Bituminous, 










Semi bituminous 

0,05 

0.10 

0.18 

0.26 

0.35 ' 

0.45 

0.58 

0.70 

0.78 

Penn- Ala. 111. & Ind 

0,04 

0.09 

0.15 

0.22 

0.28 

0.38 

0.45 

0.55 

0.60 

Slack 

0.04 

0.07 

0.10 

0.15 

0.20 

0.27 

0.34 

0.40 

0.50 

Run of mine 

0.04 

0.05 

0.08 

0.10 

0.14 ' 

0.16 

0.20 

0.25 

0.32 

On chain grate 

0.05 ; 

0.12 

0.15 

0.23 

0.31 

0.44 

0.57 j 

0.75 

0.94 


For ordinary installations the burning of 5 lb. of coal per horsepower is usually assumed. The maximum 
number of pounds of coal which a boiler must consume divided by the grate area in square feet will give the number 
of pounds of coal burned per square foot of grate. 

The draft losses in boilers run about as follows; 


Type of boiler 

Per cent, of nominal rating developed 

100 

150 

200 

Loss in inches of water 

Water tube 

0.25 

0.40 

0.70 


0.20 

0.30 

0.45 

Vertical 

0.10 

0.15 

0.20 
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As heating boilers are seldom run at any overload, 0,25 or 0.30 may be taken as covering the draft loss in any 
such boiler. 

Economizers add 0.30 in. to the draft loss. 

Draft losses for bends and smoke breeching are: 

Steel flues per 100 ft. run, 0.10 in.; for each 90 deg. bend, 0.05 in. 

Concrete per 100 ft. run, 0,20 in.; for each 90 deg. bend, 0.10 in.. 

Note . — Include every bend from the boiler uptake to the stack, counting the turn upward in the stack as one 
bend. 


54 Operation of Determining Size of Cliinineys for Power. — 1. Determine the maximum 
number of pounds of fuel to be burned and pounds of gas required per second from the following 
table which is based on 18 lb. of gas per hr. per pound of coal. 


Hequired Pounds op Coal and Air for Horsepowers at Various Efficiencies 


(Pounds of coal per boiler horsepower developed) 


Total 
pounds 
■ of 
coal 

4 

4M 

5 

5M 

6 

6M 

7 

Pounds 
of gas per 
second 

Horsepower developed 

1,000 

250 

222 

200 

182 

167 

154 

143 

5.0 

1,500 

375 

333 

300 

273 

250 

231 

214 

7.6 

2,000 

500 

444 

400 

363 

333 

308 

286 

10.0 

2,500 

625 

555 

500 

455 

416 

385 

357 

12.5 

3,000 

750 

667 

600 

545 

500 

461 

429 

15.0 

4,000 

1,000 

889 

800 

727 

667 

615 

571 

20.0 

5,000 

1,250 

1,111 

1,000 

909 

833 

769 

714 

25.0 

7,500 

1,875 

1,667 

1,500 

1,364 

1,250 

1,154 

1,071 

38.0 

10,000 

2,500 

2,222 

2,000 

1,818 

1,667 

1,538 

1,429 

50.0 


2. Increase the volume due to the altitude of the plant by the percentage in the accom- 
panying table corresponding to that altitude. 

Air at higher elevation than sea level expands and requires a chimney of larger area to 
handle the same number of pounds at the same velocity and friction loss. The table below gives 
the percentage of increase for various heights up to 10,000 ft. above sea level. 


Factors op Air at Various Elevations 


Elevations above 
sea level 
(feet) 

Air pressure 
(Ib. per sq. in,) 

Cubic feet 
per pound 

Increase in. volume 
(per cent.) 


14.7 

13 33 

0,000 

1,000 

14,2 

13.80 

0.034 

2,000 

13.7 

14.31 

0.073 

3,000 

13.2 

14.84 

0.113 

4,000 

12.7 

15.43 

0.158 

5,000 

12.2 

16.07 

0.203 

6,000 

11.7 

16.75 

0.267 

8,000 

10.7 

18.31 

0.373 

10,000 

9.7 

20.20 

0.514 


3 From Art 53 determine the friction of fuel bed, breeching, and all other resistances in 
inches of water and add 0.2 in. for chimney loss and 0,1 in. for safety. This will be the required 
theoretical draft in inches of water. 

4. From Diagram 10 determine the proper height of chimney to produce the necessary 
draft to overcome the summation of resistances using the line of proper elevation. 
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5. We have the height and pounds of gas, and we can read the size of chimney direct from 
Diagram 11, steel stacks, or Diagram 12, for brick or brick lined stacks. Modify the height 
found by 0 2 in. per 100 ft. or 0.3 in. per 150 ft. for stack losses. 

6. Check all results so that the factors are correct and the draft sufiScient to overcome 
all losses. 

66. Residence Chimneys. — Chimneys for residences should be of ample size, never under 
40 ft. high nor less than 10 X 10 in. They should be lined with tile for the best results. Where 



•SO ,1 — ■ — ' I — /Vo/e. Steef stacks mthbncfr 

^ hnmgs have same /oss 03 J^r/ck 

.002 .004- JOOe .016 .032 .064 -126 . 25 C . 5 ^ 1.00 ZOO 

Friction loss in steel stacks in in. of wafer per 100 ff. of neignt 

Diagbam 11. 

the chimney is too small or has many bends, adding radiation or boiler capacity will be of little 
avail. Where it is impossible to obtain the height, a boiler should be provided having only 
direct heating surface and a minimum of flue travel. In case the chimney is efficient, the boiler 
can be forced and pressure or temperature raised and the system made to work. The chimney 
is absolutely vital and should be given first consideration. 

When square or rectangular chimneys are designed for fireplaces which burn wood or 
bituminous coal, they are usually made with an area of 10 to 12% of the fireplace opening, 
while with round flues the area may be reduced to 8%. For anthracite coal the rectangular or 
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square flue may be reduced to 8% and the round hue to 6%, Ordinary stoves are readily 
served with an 8 X S-in. flue, provided no other connections are made to the stack. 

All chimney walls should be 8 in. thick to avoid danger of fire from sparks working through 
the joints. The building laws in some cities demand not only 8-in. walls but tile linings as welL 
The height of residence chimneys is the most important element in the house heating prob- 
lem and more failures are due to chimney faults than to any other cause, inasmuch as a high 
flue is diflScult to obtain due to the low heights of buildings. 



.002 .004 008 .016 .032 .064 128 .250 .500 1.00 

Friction loss in brick chimneys in in.of water per 100 ft of height 


Diagram 12. 



20025030D 350 400 4SO 500 550 600650700750800 

Temperature in chimn^ vr\ degrees Fahr. 


Diagram 13. 

Diagram 13 gives the available net draft less friction, for different heights and flue tempera- 
tures- Table 35 gives the capacity in pounds of coal per hour, square feet of standard radiation, 
and horsepower of work for diiferent sizes of commercial flue tile when used as chimney linings. 
If the flue temperature and height is known and the draft pressure determined in. inches of 
water, all that remains is to select a type of boiler that will furnish the required capacity with 
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that available draft rather than from the catalogue ratings. The boiler manufacturer will 
have to be consulted in cases where this determination is desirable. The table is made out for a 
flue temperature of 400 deg. and 10% capacity must be deducted for 300-deg. flue temperature. 
In larger plants, the buildings are higher and the chimney height as a rule solves itself and all 
that is necessary is to determine the proper cross section. 

The following formula was deducted by the American Radiator Company in the Ideal 
Heating Journal, July, 1914, and is supposed to be the latest data for house heating chimneys 
by the very ablest engineers. 


Table 35. Capacity of Commercial Tile When Used as Chimney Linings (Temp, of 
gas 400 deg.) 25 cu. ft. gas per lb. of fuel 


(See chart for pressure in inches of water) 


Commercial 
size of 
tile 

(inches) 

1 

Thick- 

ness 

(inches) 

2 

Peri- 

meter 

(inches) 

3 

Area 
Csq. in.) 

4 

5 

/PerimeterX i 

1 in inches 1 

V X 3.73 / 

6 

Pounds 
coal per 
hour 
/col. 4 n 
U ol. 5 ) 

7 

Horse- 
power 
34>^ lb. 
steam, 

5 lb. coal 

8 

Square feet 
standard 
direct radia- 
tion 0 25 lb. 
per sq. ft. 
col. 7 X 138 

V^O.l (area) 3 

Outside 









measurement 









SH X 8K 


24.0 

36.0 

68.0 

9.46 

7.2 

1.44 

198.7 

X 13 


35.0 

71.0 

189.0 

11.4 

16.6 

3.32 

458,2 

8>^ X 18 

H 

45.0 

104.0 

335.0 

13 0 

25 8 

5.16 

712.2 

13 X 13 

1 

48.0 

144 0 

546 0 

13.4 

48 2 

9.64 

1330.0 

13 X 18 

1 

54.0 

176.0 

738.0 

14.2 

52.0 

' 10.4 

1,435.2 

18 X 18 

1 

64.0 

256.0 

1,295.0 

15.45 

83.8 

16.76 

2,313.0 

Inside diameter 









(round) 









8 


25.13 

50.3 

113.0 

9.64 

11.7 

2.34 

323.0 

9 


28.27 

63.6 

160.5 

10.25 

15.7 

3.14 

433.3 

10 

14 

31.44 

78.54 

220.0 

10.77 

20.4 

4.1 

566.0 

12 

1 

37.7 

113.1 

380.0 

11.86 

1 32.07 

6.41 

885.0 

15 

IH 

47.12 

176 7 

744.0 

13.25 

56.2 

11.24 

1,551.0 

18 


56,55 

254.5 

1,284.0 

14.52 

88.4 

17.7 

2,443.0 

20 

m 

62.83 

314. 1C 

1,758.0 

15.29 

115.0 

23.0 

3,174.0 

22 

m 

69.12 

380.0 

2,342.0 

16.05 

146.0 

29.2 

4,030.0 

24 

m 

75.4 

452.4 

3,030.0 

16.76 

181.0 

36.2 

4,996.0 

27 

2 

84.8 

572 6 

4,340.0 

17.77 

244.0 

48.8 

6.734.0 

30 


91.25 

700.8 

5,940 0 

18.44 

322.1 

64.4 

8,888.0 

33 

m 

103.7 

855.3 

7,900,0 

19.66 

402,0 

80.4 

11,095.0 

36 


113.1 

1017.9 

10,270.0 

20.53 

500.0 

100.0 

13,800.0 

Reduce capacity 1 

0 % for 30< 

) deg. stac 

k tempera 

ttire. 





Draft in inches of water per 100-ft. height, 300-deg. stack temperature, 0.435 in. 



Draft in inches of water per 100-ft. height, 400-deg. stack temperature, 0.550 in. 




H — height of chimney. 

da ~ draft pressure in inches of water to overcome resistance of flue, furnace, stack and 
produce velocity. 

P = perimeter of flue. 
a = area of flue in square inches. 

C = coal per hour. 

For 400-deg. stack temperature. 

1644 

1 - 


E = 


3.73PC2 


( 1 ) 
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For 300-deg. temperature 


H = 


2QQda 

4.14PC^ 


a' 


(2) 


If 10% is allowed for stack friction, for 400-deg. temperature, the last term of the denominator 
will equal 0.1, and sohing for C we have 

C 

For 300-deg. temperature 


/ 

~~ \37.3P 

(3J 

_ . / “V 

(4) 

” \41.4P 


Knowing the draft in inches of water, the height of stack will be, with 10% for friction 
H - 182.2da for 400-deg. temperature. 

H = 230^3 for 300-deg. temperature. 
da - 0.00435ir for 300-deg. temperature. 
da = 0.0065H for 400-deg. temperature. 

Most manufacturers give the size and height of chimney necessary for each boiler. Down 
draft boilers and some sectional boilers require a more intense draft than others, especially the 
round boilers. 

66a. Recommended Height and Size of Chimney.— The ordinary residence 
usually employs a chimney between 25 and 60 ft. high, the area being proportional to the size 
of the house. It is possible to burn No. 1 buckwheat coal with a chimney 55 ft. high if the fire 
bed is not made too thick. Down draft boilers should have chimneys at least 60 ft. high to 
operate successfully. 

Having a chimney built upon desirable lines as far as draft is concerned, it may, of course, 
still be too small, and in this connection it might be said that no flue should be made less than 
10-in, diameter or 10 X 10 in. square. Table 36 is by Prof. Carpenter, giving data on heights 
and areas of house heating chimne^^s with the approximate cubic contents heated, for prelim- 
inary work or estimates. 


Table 36. — Peop. Caepentee's Standard Table of Chimney Dimensions 


Approximate 
cubic contents 
of building 
(gross) 

Standard square 
feet of radiation 

Height of chimney flue (feet) 

Diameter of chimney flue (inches) 

30 ft. 

40 ft. 

50 ft. 

60 ft. 

80 ft. 

12,500 

250 

7.0 

6 7 

6.4 

6.2 

6.0 

20,000 

5(^0 

9.2 

8 8 

8.2 

8.0 

6.6 

45,000 

750 

10.8 

10.2 

9 6 

9.3 

8.8 

60,000 

1,000 

12.0 

11.4 

10.8 

10.5 

10.0 

90,000 

1,500 

14.4 

13.4 

12.8 

12.4 

11.5 

140,000 

2,000 

16.3 

15 2 

14.5 

14.0 

13.2 

240,000 

3,000 

18.5 

18.2 

17 2 

16.6 

16.8 

320,000 

4,000 

22.2 

20 8 

19.6 

19.0 

17.8 

400,000 

5,000 

24.6 

23.0 

21.6 

21.0 

19.4 

480,000 i 

6,000 

26.8 

25.0 

23.4 

22.8 

21.0 

560,000 

7,000 

28.8 1 

27,0 

25.5 

24.4 

23.0 

640,000 

8,000 

30.6 

28.6 

26.8 

26.0 

24.2 

810,000 

9,000 

32.4 

30.4 

28.4 

27.4 

25.6 

900,000 

10,000 

34.0 

32.0 

30.0 

28.6 

27.0 


The chimney top should run above the highest part of the roof and should not be less than 
40 ft. above the boiler in height or less than 10 X 10-in. on the outside. It should be so located 
with reference to any higher buildings nearby that wind currents will not form eddies and 
force the air downward in the flue. A shifting cowl, which will always turn the outlet away 
from the adverse currents, wiU promote better draft. 
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The fine should run as nearly straight as possible from the base to the top outlet. The out- 
let must not be capped so that its area is less than the area of the flue. The flue should have 
no other openings into it except the boiler smoke pipe. Sharp bends and offsets in the flue 
will often reduce the area and choke the draft. The flue must be free of any feature which 
prevents fuU areas for the passage of smoke. It should be lined with tile and the joints well 
cemented or all space between the tile and brick work filled in tightly. There must be no open 
crevices into the flue where the sections meet, otherwise the draft wiU be checked. If the flue 
IS made of brick, the chimney should have outside walls at least 8 in. thick to insure safety. 
The inside joints should be well struck; each course should be well bedded and free from surplus 
mortar at the joints. However, all such chimneys should be tile lined rather than to take 
chances on the operating results of the whole heating system. 

If there is a soot pocket in the chimney below the smoke pipe opening, the clean out door of 
same should always be tightl}" closed. If this chimney flue has other openings into it — from 
fireplaces or other connections — these openings will check the draft and prevent best heating 
results from the boiler and should be eliminated. 

The smoke pipe should not extend into the flue beyond the inside surface; otherwise, the 
end of the pipe cuts down the area of the flue. The joints, where the smoke pipe fits the smoke 
hood of the boiler, should be made tight with putty or asbestos cement, and asbestos cement 
should be used to seal the joint between smoke pipe and chimney opening. For the best results, 
place the chimney within the building where it is warm rather than outside where it is cold. 

66. Induced and Forced Draft. — In nearly all power plants, stokers have taken the place 
of hand firing where there are more than 300 to 500 hp. and in some cases smaller plants are so 
equipped. Induced draft and forced draft are both used as a rule. The former is supplied 
by the chimney and the latter by blowers. The chimney is then only required to supply power 
to remove the gases after combustion. 

In a well designed plant these two methods of producing draft are arranged so as to main- 
tain a certain constant balance suflicient to supply the fuel bed with just the correct amount of 
air. The fan supplies the air with proper variation in pressure and volume by means of speed 
regulators. In large plants of this character, the kind of fuel and variation in load enter into 
the problem. Special experience is necessary in designing such systems, and stoker and fan 
manufacturers are always ready to assist with expert advice. The pressures and volume of 
air are calculated the same as for chimneys, only the power is applied in such manner that the 
circulation is independent at all times of the temperature. 

67. Economizers. — Economizers consist of a series of vertical cast-iron tubes placed in 
the flue between the boiler and chimney through which the feed water passes and absorbs the 
heat of the flue gases above the actual temperature requirements for draft of say 350 to 400 
deg. F. The tubes are provided with mechanical scrapers to keep them from being fouled 
with soot. Economizers require by-passes for both the gases and feed water. They are very 
heavy and cost per horsepower nearly as much as the boilers. By arranging the flow of the 
flue gas and water on the counter-current principle, the water can be heated to the final tem- 
perature of the gas in a properly designed system. 

Where very high steam pressures have been carried, cast-iron tubes have been known to 
fail. Improvements in combustion apparatus, however, have considerably reduced the avail- 
able waste in heat. There is undoubtedly about 10% saving in the use of this apparatus, as 
the feed water can be heated to over 300 deg. F. with waste products. Economizers also take 
care of the unavoidable waste in flue temperature where great overloads are carried. By 
placing the feed water pump between the economizer and boiler, the excessive boiler pressure on 
the economizer is avoided and all danger is obviated. 

Economizers are used in connection with hot water forced circulation heating systems in 
conserving the waste heat of chimney gases, brass furnaces, etc. There is no increase in econ- 
omy over heating the feed water as it is merely diverting this source of heat from one purpose to 
another. They cannot as a rule be installed as a portion of the heating equipment solely and 
show a commercial saving on the investment due to the comparatively short duration of the 
heating season. 



1232 HANDBOOK OF BUILDING CONSTRUCTION [Sec. 1-58 

58. Mechanical Stokers. — It is acknowledged, except in the case of the smallest units 
under 300 hp., that for all plants, mechanical stokers and coal and ash handling machinery 
are absolutely necessary to reduce labor costs, eliminate smoke, and burn the fuel at rates cover- 
ing a wide range of loads as well as to conserve equipment and reduce fuel charges. 

For the selection of a stoker, the fuels should be classified as follows: (1) Coking and non- 
coking coals, (2) clinkering and non-clinkering coals, and (3) high and low ash coals. 

A stoker should embody the following functions: 

1. Feed the fuel at the proper rate. 

2. Burn the fuel economically by emplojdng the exact requirement of air. 

3. Automatically discharge all the refuse and ash without waste in unburned fuel. 

4. Automatically keep the air spaces and passages free without any by-passing of air. 

5. It should not require the frequent disturbance of the fuel bed with the furnace open 
for the spreading of fuel to prevent air holes and removal of clinkers. 

It is therefore natural that under the wide requirements of load and service with the varia- 
tion in grade and type of fuel furnished, that all the conditions of service will not be fulfilled 
at all times with any one type of stoker; at best, all that can be done is to make a selection 
that will fulfill the major portion of the requirements. 

Stokers may be divided into three tj^pes with slightly different arrangement for forced 
or natural draft: (1) chain grate, (2) over feed, and (3) under feed. Omitting the elements 
of first cost, relative workmanship and materials entering construction, the following are a few 
of the considerations that may be of assistance in the selection of type of stoker for any par- 
ticular service. 

For eastern coals with low ash and slight tendency to clinker, most stokers wall give good 
results with proper handling provided too heavy overloads are not attempted. These are coals 
of the coking and caking class requiring agitation of the fuel bed at least in the early stages 
of combustion. For this reason, movable grate bars must be used which, at times, give trouble 
from warping or burning when pushed into the fuel bed, especially when there is sulphur present 
in the fuel. The over feed wdth inclined grate is apt to let the fuel through the grate before 
complete combustion takes place when forced too hard. There is also a tendency to form clinker 
making it necessary to provide clinker crushers. 

For anthracite, poke braise, and western coals with high ash, the chain grate is apt to be 
more successful as it automatically dumps all ash and a fresh clean grate surface is presented 
as the grate revolves. The grate area for aU chain grates is large and they function particularly 
well with natural or induced draft. The size and length of the combustion arch when used with 
the chain grate is an important factor in determining the amount of fuel that can be burned or 
the rate. 

Stokers of the overfeed and chain grate type require a combustion arch which, in itself, 
is no particular disadvantage outside of initial expense and maintenance costs, as it is a very 
effective aid to the combustion of soft coal for any type of furnace. 

The under feed stokers occupy relatively small space and require forced draft. The com- 
bustion arch, however, is unnecessary. They give excellent results with coking and caking coals 
as the green fuel is forced up through the fuel bed, breaking up the coke masses with unlimited 
air supply both as to volume and pressure. This arrangement enables heavy overloads to be 
carried with excellent results as far as combustion is concerned. With high ash coals and heavy 
overloads the very high resulting furnace temperatures cause the ash to fuse forming clinker. 
This tendency varies with the rate of combustion and percentage of ash in the fuel. 

There seems to be a tendency to make the overload capacity or range the most important 
requirements for stoker equipment. This may be all right from a combustion standpoint of 
efficiency, but most stoker troubles seem to originate from this cause. From a common sense 
standpoint, any program that provides for continuously excessive overloads is bad practice, 
especially in view of the class of labor which the ordinary manufacturer deems capable of hand- 
ling his fuel, the cost of which may amount to from $75,000 to $200,000. 

It makes little difference what stoker is used as the furnace temperatures made necessary 
by these overloads are certain to break down the brick work and put the boiler unit out of com- 
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mission for two or three weeks at more frequent intervals than if a more conservative operating 
load were maintained. During a few weeks in December public service plants are subject to 
extreme loads for a few hours a day. These are entirely out of their control and the service has 
to be maintained. This feature is exceedingly important due to the necessary increase in the 
amount of equipment on which fixed annual charges have to be maintained. 

For industrial plants with the load more regular and entirely under control of the manage- 
ment, it would seem better practice to operate nearer the normal boiler rating with better evapo- 
ration, less repairs, and sufficient equipment, and such overloads as to reduce to a minimum the 
stand-by losses due to shifting boilers during the daily run. These stand-by losses may be 
reduced likewise by employing larger boiler units with fewer fires wherein a smaller percentage 
of overload would give a wider range in capacity. 

With a rating of 10 sq. ft. of boiler heating surface, a 100% overload would mean a reduc- 
tion of 50 % in heating surface or 5 sq. ft. per hp. which must of necessity reduce the evaporation, 
increase the flue temperature, and reduce the fife of the furnace and settings. 

With a 25 to 50 % overload and 8 to 6 sq. ft. per hp., the problem would be within range of 
nearly all types of stokers and advantage could be taken of some excellent features in types that 
might not be as adaptable if the overload feature were the paramount requirement. Certainly, 
the question of maintenance is independent of the type of stoker where the equipment is oper- 
ated hard enough to produce destructive furnace and flue temperatures. 

It is not advisable to provide equipment for the absorption of more heat than can be 
produced by the combustion system, and |ihe boiler surface should be proportioned for the 
available chimney power rather than the work to be performed; or stated otherwise, see that the 
combustion system is ample in capacity before considering the boiler. This applies to all heat- 
ing and power boilers although the latter are not so often handicapped with low draft pressure 
as they are frequently overloaded. 

In the design of any power plant, high economy may be obtained by operating an excess of 
boiler heating surface but when the expense of maintaining this extra equipment is balanced 
against the actual increase in fuel economy, it will be found that over 10 sq. ft. of heating surface 
per boiler horsepower does not pay in over all economy. There is such a thing as operating too 
much boiler power on a given load. 

Allowance should be made in all power plant installations for sufficient reserve boiler power 
in order that boilers may be cleaned at regular intervals during work periods. 

t 

POWER 

69 . Prime Movers.^ — ^There are two main types of prime movers for power generation: 
(1) reciprocating and (2) rotary engines, of which latter class the turbine will be the only one 
considered. . . 

Reciprocating engines as the name implies, involves a piston moving back and forth to 
impart rotary motion to a shaft. This requires provision of some method of stopping or 
cushioning the moving parts as they change direction to overcome their inertia. This is accom- 
plished by imprisoning some of the fluid before the end of the stroke by initially closing the 
exhaust valve, and is known as the compression. Reciprocatiug engiaes may be single or 
multicylinder, double or single acting, operated by a direct explosion of gas in the cylinder or by 
the expansion of a change of gas or steam at high pressure. 

60 . Gas Engines. — Single acting cylinders take an impulse on only one side of the piston 
while those double acting take an impulse on both sides. Gas engines are generally known as 
internal combustion engines. They are built multicylinder and single acting but the larger 
types are double acting, with one, two, or more cylinders. 

The action of an internal combustion engine is as follows: The charge is drawn in com- 
pressed, and fired by an electric spark producing the motor impulse and the products are nex^". 
expelled, so there is an impulse only once in two revolutions for each end of the cylinder. For 
this reason, high speeds, very heavy fly wheels, and multicylinders are provided in order to store 
sufficient energy to provide for the infrequency of the impulse and enhance smooth running. 
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They are diJQ&cult to regulate to the constant speed required for electric power generation, 
especially in the larger types with low speeds. The cylinders have to be water jacketed with 
a circulating system and in the larger sizes the pistons and piston rods have to be cooled. Their 
cost is very great although their fuel economy is unquestioned as compared with the steam 
engine, being about of h pound of coal per horsepower or about 4000 B.t.u. They may be 
operated with natural, blast furnace, or producer gas, a heavy fuel oil, the engine using the latter 
being known as the Diesel motor. This engine depends on the high temperature of compression 
for ignition and explosion of the fuel charge. 

The erratic performances of gas engines have been due largely to variations in the composi- 
tion of the fuel gas and its resulting air requirements. Back fires are frequent, duo to a charge 
exploding in the exhaust after leaving the engine, and sometimes difficulties are experienced with 
the noise of the exhaust. If there are no sulphurous or injurious products in the exhaust gas, 
a small water jet close to the engine will remedy the trouble. If sulphur or other impurities are 
present, the pipe eats out very rapidly, but these jets can then be replaced by a heater with 
cooling surface as close to the point of emission of the gases from the engine as practicable. 

61. Steam Engines. — Steam engines are almost entirely of double acting type. Where 
two cylinders are used, one exhausting into the other, they are known as compound; where 
three are used, one exhausting to the other, they are known as triple expansion engines. The 
latter, at present, are confined almost entirely to marine practice. Where two cylinders are 
on the same piston rod, one behind the other, they are tandem compound and when connected 
to the shaft, either side of flywheel, they are cross ^compound. 

Engines are also classed as to rotative speed, as high, medium, and low, although by vary- 
ing the stroke they may at the same time have the same piston speed. The steam engine acts 
on a pressure volume basis with the work divided as nearly as possible between the cylinders 
when in multiple. For economy, the cylinders should have a certain volumetric relation to the 
changes in volume of the steam between the final and initial pressure. 

When the final terminal pressure is reduced below atmosphere by condensing the steam, 
a further classification is made as condensing and non-condensing engines. The steam enters 
the cylinder at an initial pressure up to the point of cut off — generally to >2 the stroke 
— and is expanded producing a mean average pressure on the piston areas. The number of 
times this initial volume of steam is expanded before leaving the engine is termed the number 
of expansions. It is’ the reciprocal of the cut off divided by the ratio of the cylinder areas. 
Wifh out off and a ratio of cylinders 3 to 1, the ratio of the expansion would be 1:12 and 
the number of expansions 12 for that particular engine. The fixed quantities with any engine 
are the ratio of cylinders and speed. The only variable is the point of cut off, which is limited 
for economy to ^ to 3^ the stroke. 

There is often confusion in steam rates of reciprocating engines and turbines, as the former 
are rated in pounds of steam per indicated horsepower, and the latter in brake horsepower, 
because their design prevents the use of an indicator. In the case of direct current, turbines are 
rated in pounds of steam per kilowatt-hour delivered at the switchboard. In the case of alter- 
nating current they are rated in kilo-volt amperes (k.v.a.), on account of a variable power 
factor of from 80 to 90%, depending upon the construction of the alternator and the nature of 
the load. The volts and amperes as read from the switchboard is termed the apparent voltage. 
The actual kilowatt load is the kilovolt-ampere load times the power factor. 

The reciprocating engine has a nearly constant friction load of from 10 to 20% of the rated 
load, and it can be seen that the rate at one-half load will be much higher than at full load. 

The indicated horsepower therefore includes all power due to losses in generator, friction 
load of the engine and generator, and when divided into the total steam used, would give a 
lower apparent rate than the turbine when the total steam is diyided by the net available 
load at the switchboard. 

Automatic high speed engines have comparatively high rotative speed with short stroke 
and are generally operated non-condensing. They enable a less costly generator to be used 
due to the high rotative speed and are very flexible in that a wide variation in the load and 
terminal pressure may be obtained with fair average steam rate 
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There are four common types of engine valves: (1) the balanced piston valve, (2) the 
unbalanced D-slide valve and gridiron valve, (3) the CJorliss type valve, and (4) the poppet valve. 
Each type is actuated by an eccentric and a governor from the main flywheel shaft in such a 
manner that it admits and releases alternately the proper amount of steam to and from the 
cylinder to take care of the load on the engine. 

The piston valve slides back and forth in a cylinder parallel to its axis and alternately 
opens and closes the inlet and exhaust ports of the main cylinder. It is called a balanced valve 
for the pressure is equalized on both ends, thus reducing the friction. It is difficult to keep this 
type tight. A modification of this tj’pe is the riding cut-ofl of the Buckeye engine that has one 
sleeve working inside the other, one attached to a rod actuated by the governor for cut-off and 
the other, the main valve, attached to the shaft eccentric and having a fixed travel. 

The D-slide valve is an arched plate sliding over a series of steam and exhaust ports known 
as the gridiron. This valve is not adjustable for wear and is difficult to keep steam tight. 
It is an unbalanced valve that is, the pressure is much greater on one side than on the other — 
which causes much attendant friction in sliding over its seat or grid. A modification of this 
valve is provided with a pressure plate with adjustable volts to take up wear and release the 
valve proper of the pressure, thus enabling it to be kept steamtight. 

The Corliss valve gear consists of an eccentric which actuates a w^rist plate, which in turn 
actuates two steam valves and two exhaust valves. Dash pots quickly close the steam valves 
at the proper time when the governor releases them from the wrist plate connection. The 
valves themselves are small rotating cylinders. They rotate back and forth through an angle 
of about 130 deg. Since they have a small area exposed to the live steam pressure, they are 
subject to much less friction than the D-slide valve, they operate more easily, and are less liable 
to wear, and more easily kept tight. 

The poppet valve, instead of rotating or sliding as in the three former cases, rises and 
lowers on a seat. It is circular in form and has a beveled edge to fit its seat. There are four of 
these valves for each cylinder as in the case of the Corliss type, two steam valves and two 
exhaust valves. The length of time that the steam valves are open is governed by the load on 
the engine by means of a fly-ball governor geared to the main shaft. Poppet valves are well 
adapted to the use of superheated steam on account of its tendency to cut furrows in the metal 
under sliding valves. 

In all single valve engines, it requires care in setting the valve as all functions of opening for 
the admission and closing the exhaust for compression have to be accomplished with a single 
movement. There are a number of medium speed engines having short stroke and fairly high 
speeds with Corliss valve gear for variable load conditions and terminal pressure. In many 
cases, they are compounded and operated condensing. They are known as four valve engines 
and combine the principles of the Corliss valve with comparative high rotative speed. 

Nearly aU reciprocating engines are counter-flow, that is, the steam flows in and out at the 
same end causing cylinder condensation due to the varying temperatures of the expanding 
steam in contact with the cylinder walls. The XJnaflow engine which exhausts at the center 
of the cylinder, takes its name from the fact that the steam flows in one direction. They claim 
a perfectly tight valve is the reason for their economy. These engines are adpted to super- 
heated steam by using a long stroke and small diameter and operating non-condensing. By 
so doing great economy may be obtained. There will naturally be small economy of con- 
densing with one cylinder when the equipment cost is considered, 

61a. Compounding. — Where very high pressures and steam temperatures are 
available, it pays to compound the engine on account of cylinder condensation. Compounding 
does increase the bulk of the engine but it does not increase its rated load. Where small units 
are necessary and non-condensing conditions are maintained, a lower steam pressure and higher 
speed will give the best overall results, especially if there is a vacuum heating system in which 
to use the available exhaust. Also the fluctuations of the heating and power are not so serious 
on a small installation. 

Where engines are over 500 hp. they should be compounded, usmg high steam pressures and 
operating condensing. A large engine is seriously reduced in economy by operating it non- 
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condensing when designed for condensing conditions. Better overall economy due to low 
installation cost is obtained by condensing, using high pressure live steam for heating, due to 
the reduction of the engine economy, and the lack of heat balance between the heating and 
power with a constant steam power rate. This is amply proven by cotton mill practice in 
New England where the main engines are operated under high vacuum, and high pressure 
steam is used for heating. 

Table 37 is interesting as showing the reason why high vacuums (above 26 in.) do not pro- 
duce an overall economy as great in proportion to the cost with reciprocating engines. They 
work on a difference in pressure for an interchange in heat since the cj’^linder areas and piston 
speed are fixed. Column 1 gives the absolute pressures, Column 5 gives the total heat. It 
shows that in Column 9 a constantly decreasing rate in pounds pressure per B.t.u. which is 3.3 
for atmosphere, 2.375 for 25 in. of vacuum, and 1.8 for 28 in. of vacuum. These physical 
characteristics are borne out in practice. 

It is impossible to obtain in a reciprocating engine the highest economy and flexibility of 
load. There is a point at which any engine will do better, depending on the elements of design 
already discussed. Therefore, in selecting a type of engine, its design should be modified 
so as to be most economical under the conditions of major operation, and at the same time 
furnish the full required power load under all conditions of operating pressures. 


Table 37. — ^Relation of Volumes and Pressures op Steam as Affecting the Economy 

OF Turbines and Engines 


Absolute 

pressure 

(lb.) 

Gage 

pressure 

Gb.) 

Tempera- 

ture 

of steam 
(deg.F.) 

Differ- 
ence in 
initial and 
final pres- 
siire (lb.) 

Total 
B.t.u. 
per lb. 

Differ- 
ence in 
B.t.u. 
per lb. 

Volume 
per lb. 
cu. ft. 

Differ- 
ence in 
volume 
(cu. ft.) 
Final and 
initial 
pressure 

Difference between 
final and initial 
pressure 

Pounds 
pressure 
per B.t.u. 

Cu. ft. 
volume 
per B.t.u. 

Cl) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(S) 

(9) 

(10) 

Steam table 

Steam 

Steam 

165 - 1 

Steam 

1195 - 

Steam 

Col. 7 - 

Col. 4 4- 

Col. 8 -r- 


table 

table 

Col. 1 

table 

Col. 5 

table 

2.754 

Col. 6 

Col. 6 

165.0 

150 

366 

0 

1195 

0 

2.754 

0 



14.7 

0 

212 

150.3 

1150 

45 

27.0 

24.3 

3.3 

0.54 

9.34 

10" vac 

190 

155.7 

1142 

53 

41.0 

38.3 

2.94 

0.723 

4.74 

20" vac 

160 

160.3 

1130 

65 

77.0 

74.3 

2.46 

1.143 

1.04 

26" vac 

125 

163.0 

1115 1 

80 

178.0 

175.3 

2.375 

2.23 

0.95 

28" vac 

100 

164.0 

1103 

92 

351.0 

343.3 

1.8 

3.82 


62. Steam Turbines, — There are three types of tubines; (1) the impulse wheel wherein 
the steam is first expanded through a nozzle, (2) the reaction type, and (3) the several combina- 
tions of the two. 

All turbines are very uneconomical and the load capacity goes down rapidly with reduced 
vacuum, but the impulse wheel under the conditions of design for full vacuum will have less 
capacity than the reaction type for loss of vacuum. The reason for the effectiveness of high 
vacuum in the case of turbo-generators is shown in Table 37, Column 10. The cubic feet per 
B.t.u. for atmosphere is 0.54, for lO-in. vacuum 0.723, for 20-m. vacuum 1.143, for 26-in. 
vacuum 2.23, and for 28-in. vacuum 3.82, or 28-in. vacuum is over 1^^ times as effective as 
26-m. vacuum. These are not quite true ratios but are simply given so as to convey the 
physical reason for these conditions. 

62a. Impulse Type. — If a nozzle is arranged so that the difference in area of the 
inlet and the outlet end corresponds to the initial and terminal volumes of the pressures, the 
steam wiU be fully expanded and the entire pressure transformed into velocity. Table 37 
gives the volume at 150 lb. as 2,754 cu. ft. per lb., and at 28 in. of vacuum as 348.3 cu. ft. per 
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lb. so the relative areas would be ^ times. However, when steam is expanded there 

is no increase in velocity beyond that corresponding to about 60% of the initial pressure. 
This steam pressure would all be changed to velocity and if it strikes a moving vane at twice 
the speed of the vane, it will be operating under conditions of maximum economy. In practice 
these vanes and nozzles are divided in stages as there is a limit to the speed that a disk of this 
kind can operate -without rupture. This is the principle of the impulse turbine and any change 
in the terminal pressures requires a change in the nozzle relation, or the economy suffers. So 
long as they operate under the condition for which they were designed the economy will be 
slightly greater th%n for the reaction type. The stationary blades are used simply to change 
the direction of flow to enter the next wheel. 

62&. Reaction Type, — The reaction type is a series of stationary blades on the 
stator or cylinder between which the moving blades on the rotor or spindle revolve. The veloc- 
ities are not so great and the action is one entirely of steam expansion and reduction of pres- 
sure in the buckets themselves there being no nozzles. 

62c. Impulse Reaction Type. — This is a combination of the two types utilizing 
nozzles and impulse wheels in the high pressure stages and reaction blading in the low pressure 
or vacuum stages. 

There are various other types of impulse and reaction turbines, such as low pressure and 
mixed pressure. These are extremely economical where exhaust steam is going to waste from 
any source, such as from steam hammers. The fluctuation of the available exhaust steam to 
make the power supply constant is supplemented by passing live steam through a reducing 
valve with some attendant superheat or by adding the live steam through an impulse wheel 
and passing the exhaust from the hammers in between the impulse wheel and the reaction 
blading. With 28-in. vacuum a kilowatt can be generated with about 35 to 40 lb. of exhaust 
at 16-lb. absolute pressure. 

In bleeder turbines, the same scheme is used as extracting steam from the receiver of a 
reciprocating engine but in a different form. This steam can be bled at 5 lb. pressure up to 
about 25 % of the capacity of the machine. The economy for the power recovery is no greater 
than any high pressure turbine exhausting at 5 lb. back pressure, and as a rule the steam rate 
for this portion would be over 40 to 50 lb. per kw. The terminal pressure will always fix the 
steam rate of any engine within limits. 

Due to the fact that economical turbines require such high speed, it would be impossible to 
commutate with direct current direct-connected generators. There is the alternative of sacri- 
ficing economy by a reduction of speed in direct connecting, or resorting to reduction gears. 
It is always a good idea to avoid gears wherever possible by using some other method. Alter- 
nators and motor generators give one solution. 

63. S-uperheated Steam. — The use of superheated steam is more economical on any engine 
or turbine than saturated steam, the economy being inherent in the physical properties of the 
steam rather than being due to the type of engine, as a greater volume of steam at any pressure 
is obtained with superheat from a given weight of water making a greater pressure range for a 
given amount of heat. It will, however, decrease the wear on the blades which deteriorate 
rapidly when entrained water is in the steam. It also reduces the cylinder condensation when 
used in reciprocating engines, although the latter, for very high steam temperatures, require 
poppet valves and a different types of construction than the regular engine. These advantages 
are additional to those previously scheduled. 

64. Comparisons of Engines and Turbines. — For first cost, condensing conditions, space 
occupied, simplicity and durability, the turbo-generator cannot be surpassed. For non-con- 
densing conditions, the reciprocating engine is better, as well as for conditions for large units 
where low vacuum (26 in. and below) only is available. Even in the latter case, the advantages 
over the turbo-generator are but slight. 

The most economical arrangement for power as far as operation is concerned, is the com- 
bination of the reciprocating engine for the steam between the initial pressure and atmosphere 
and the use of a low pressure turbine between atmosphere or 16 lb. absolute and 28 or 29 in. of 



1238 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. 1-65 


vacuum. The first cost and space of a new installation does not warrant the investment over 
the condensing turbine but where the engines are already installed it is an excellent method of 
improving the economy. A fairly large unit will furnish a kilowatt on between 35 to 40 lb. of 
exhaust steam after passing the reciprocating engine. 

65. Condensing Water Required. — The condensing of steam to produce a vacuum and 
reduce the back pressure involves the absorption of the latent heat of the steam of about 1040 
B.t.u. per lb. and the removal of all extrained air. The amount of water necessary to cool a 
pound of steam if its outboard temperature is limited to 90 deg. and its entrance temperature 

1040 

to 70 deg. as is possible in summer, is = 52 lb. per lb. of steam. As sqpie of the heat has 

already been taken up by radiation and in the, form of entrained moisture, 950 to 1000 B.t.u. 
per lb. can be used as the latent heat of the exhaust steam. 

66. Removal of Entrained Air. — If there were no air present, the temperature of the con- 
densate from a condenser would indicate the vacuum or absolute pressure. The amount of air 
present is determined by the relation of this temperature with the corresponding pressure; as 
the pressure is that is desired for economy, the removal of the air must be accomplished by a 
dry air pump. The question of air removal is not as serious in vacuums below 25 in. but 
becomes absolutely by imperative for vacuums from 25 to 29 in. When the air is handled by 
one pump and the condensate by another, the system is known as dry. When only one 
pump is used for both air and water, it is known as the wet system. 

67. Condensers. — Condensers are classed as surface condensers and jet condensers. The 
former require tube heating surface with cold water pumped through the tubes, and jet con- 
densers have a jet of water mingling with the steam. Surface condensers cost more but where 
water for the boilers is bad, they pay for themselves in a short time due to the re-use of the 
purified condensate, to say nothing of the heat contained in the returned water. In case the 
vacuum drops on a surface condenser it will recover, but with the jet types, if it goes anywhere 
near as low as 10 in., it will break and the machine will have to be shut down to reestablish the 
vacuum. The surface condenser will use less injection water and by increasing the surface 
and pumpage, much higher temperatures may be used than with the jet condenser without 
breaking the vacuum. 

68. Auxiliaries. — Dry air pumps, circulating pumps, and similar auxiliaries are generally 
operated by independent steam driven units inasmuch as with high vacuums it is necessary to 
use some exhaust steam to raise the condensate from 120 to 210 deg. for feed purposes. This 
may be a source of waste if too little attention is paid to the amount of power obtained before 
the exhaust steam is utilized; for instance, small non-condensing turbines sometimes use more 
steam than that required by the main units. It is just as important to obtain a fair water rate 
and corresponding power recovery from this auxiliary steam as from the main units. 

There are nmnbers of plants that would show a saving if live steam were used to heat the 
feed water and the auxiliary were condensed, because so little actual efficient power generation 
is obtained from this steam. Especially is this true if there is a waste to the atmosphere 
from fluctuation of the load. This can be avoided by operating part of the auxiliaries 
electrically. 

Where there are no ponds or natural sources of water supply, a system of cooling may be 
installed based on an air supply or the mechanical evaporation of water. There are two 
methods: (1) cooling towers and (2) spray ponds. 

Cooling towers are of four classes: (1) natural draft closed type, (2) forced draft, (3) 
natural draft open type, and (4) natural and forced draft combined. The cooling of the water 
in towers is accomplished by evaporation, convection, and radiation, but mainly by evaporation. 
It is necessary to evaporate in the tower an amount of water equivalent to the condensate but 
as a matter of fact, the loss and use of water from a cooling tower is less than when the engines 
exhaust to the atmosphere. Assuming a non-condensing engine uses 40 lb. of steam per kw.-hr. 
at the switchboard, all except 10 % retained for heating feed water, is exhausted to the atmos- 
phere and lost. A cooling tower and condenser would use not more than 25 lb. per kw.-hr. or 
gave about 30 %. 
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Where land is available, a spray pond is the least costly method of cooKng injection water. 
The idea is to spray a film of water into the air bringing as great a surface in contact with the 
surrounding air as possible. Both cooling towers and spray ponds are apt to throw "water in 
finely divided drops on surrounding property, and this fault should be cared for in selecting 
any system as well as its location. The Ford Motor Company uses the roof of one of its build- 
ings as a spray pond and all of the condensing capacity for the main engine plant is handled in 
this manner; there is, however, considerable fine spray thrown when the wind blows heavily 
from certain directions, although not in any way serious. 


PIPING AND FITTINGS 

69. Pipe. Standard pipe may be used for any and all purposes in heating and power work 

as it IS tested to 500 lb. pressure and over. The relative values of steel and wrought-iron 
pipe are at present one of cost. VS rough t-iron pipe as made by Byers Company is probably 
purer iron "which accounts for its longer life. In steam heating systems it makes little or no 
difference except in the case of the i*eturn pipes which deteriorate more rapidly than in any 
other service. In hot water sj'stems if the water is not changed in the system so as to admit 
air, either wrought iron or steel lasts indefinitely. If the water is changed and the air is allowed 
to enter the system dissolved in the water, there is apt to be trouble in any case. Steel pipe 
made by the Bessemer process is apt to have impurities. Impure places are generally the points 
where chemical action shows first. Water pipes for domestic service, even when galvanized, 
are short lived in many cases. ’ 

The secret of non-corrosion in all piping is the purity of the iron, whether steel or wrought 
iion. The latter, due to its process of man'ufacture in a puddling furnace, is apt to be purer 
metal but this carries no assurance of the fact. Table 38 is a complete list of standard pipe 
dimensions. 

70. Joints and Flanges. — In all high pressure piping and in fact where large sizes are used 
for any puipose, bends should be used to eliminate fittings and joints. For high pressure work 
there are four types of joints: (1) the screwed joint, (2) the Van Stone joint, (3) the welded 
joint, and (4) the shrunk joint. In the last two cases the pipe is rigidly and permanently fast- 
ened to the flange by shrinking or welding. In the case of the Van Stone or Cranelap, the 
flanges are loose on the pipe and the laps of the pipe are clamped between them. 

Flanges are made of cast iron and forged steel. In all cases the face of the joint should be 
machined. The Van Stone joint with a perfectly smooth finish to the laps of the pipe, makes 
the best joint although some prefer the other types. Flanges of all types are made standard and 
of extra heavy cast iron, or extra heavy steel for superheated steam. 

There are various types of gaskets on the market which serve well for this ser"vice, such as 
corrugated copper which is all right for saturated steam. Corrugated steel should be used for 
superheated steam. Plj^in rubber or “rainbow ” with screwed flanges, is best for hot water and 
steam heating. In spme stations, ground joints are used with no gasket, the faces of the joint 
being ground off until they fit perfectly. Some years ago one face was actually ground against 
another. Using rough surfaces, several kinds of material in the gaskets, and grooved faces 
are no improvement over a perfectly smooth surface, witH or without the thinnest kind of a 
gasket. The surfaces being smooth and perfectly faced have more to do with making tight 
joints than anything else. Bolts should all have finished hexagonal nuts and bolt holes should 
be spot faced. 

71. Rules for Flanged Fittings . — American 1915 Standard, Extra Heavy, — 1. Extra heavy 
reducing elbows carry same dimensions center to face as regular elbows of largest straight size. 

2. Extra heavy tees, crosses and laterals, reducing on run only, carry same dimensions face 

to face as largest straight size. » 

3. Where long turn fittings are specified, it has reference only to elbows which are made in 
two center to face dimensions and to be known as elbows and long-turn elbows, the latter being 
used only when so specified. 



Table 38. — Standakd Wrought Pipe — ^Table op Standard DiMENaioN.s 
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4 Extra-heavy fittings must be guaranteed for 250 lb. working pressure, and each fitting 
must have some mark cast on it indicating the maker and guaranteed working steam pressure. 

5. All extra heavy fittings and flanges to have a raised surface Ke in- high inside of bolt 
holes for gaskets. Thickness of flanges and center to face dimensions of fittings include this 
raised surface. Bolt holes to be in. larger in diameter than bolts. Both holes to straddle 
center lines, 

6. Size of all fittings scheduled indicates inside diameter of ports. 

7. Square head bolts with hexagonal nuts are generally recommended for use. 

8. Double branch elbows, side outlet elbows and side outlet tees, whether straight or 
reducing sizes, carry same dimensions center to face and face to face as regular tees and elbows. 

9. Bull head tees or tees increasing on outlet, will have same center-to-face and face-to-face 
dimensions as straight fitting of the size of the outlet. 

* 10. Tees, crosses and laterals 16 in. and smaller, reducing on the outlet, use the same 
dimensions as straight size of the larger port. Sizes 18 in. and larger, reducing on the outlet, are 
made in two lengths, depending on the size of the outlet as given in the table of dimensions. 

11. For fittings reducing on the run only a long body pattern will be used. Y’s are special 
and made to suit connections. Double branch elbows are not made reducing on the run. 

12. Steel flanges, fittings and valves are recommended for superheated steam. 

72 . Fittings and Valves. — All flanged fittings and valves are made for three weights, 
standard for 125 lb, of steam, medium for 150 to 175 lb. of steam, and extra heavy cast iron 
for 250 lb. steam. They are also made in steel for superheated steam. There are also light 
fittings and valves in large sizes over 12 in. made especially for exhaust piping and condenser 
work. High pressure valves are generally outside screw and yoke, with beonze or steel stem 
and fittings. 

Screwed fittings are made standard and extra heavy, and also of steel for superheated steam. 
Brass fittings are made in two patterns — one cast iron and one malleable iron — the latter 
being much lighter. The heavy-cast-iron pattern -will stand any pressure liable to occur in any 
power plant practice. All valves are made of brass for sizes 2 in. and under and are all made 
in three weights — all over 2 in. have cast-iron bodies screwed or flanged. Flanged valves are 
generally called for on all sizes 4 in. and over, and sometimes as low as 3-in. As a rule, only 
steel can be used for superheated steam. 

Couplings are just as good as flange unions in long lines of pipe and eliminate gasket joints 
although sufficient number should be provided to make disconnecting easy. The use of flange 
joints is considerably overdone in all classes of work. The size of pipe should have little to do 
with the use of flanges. The details should be made such that assembling and disconnecting 
can be accomplished with the minimum of labor. A good screw joint is better than a flanged 
joint where a gasket is in addition. 

In all heating work, standard screwed fittings and flanged fittings may be used throughout. 
In water heating systems water fittings should be used. It is good policy to use short turn fit- 
tings on branches to radiators, due to cost and space. Therefore, they should be fairly large. 
Gate valves are always preferable to globe valves especially on water, due to friction. In 
cases where it is necessary for throttling, high pressure steam globe valves with nickel removable 
seats should be used. ^ 

73 . Blow-off and Feed Pipes. — Blow off and feed piping for power plants should be extra 
heavy, not from the point of view of strength but from the fact that they are subject to corrosion 
more than any other portion of the system. In past years, brass was used, but the cost is 
excessive, and extra heavy pipe is a better paying investment even when the pipe has to be 
ultimately replaced. Cast-iron fittings and brass pipe make a good combination and this 
construction will resist corrosion permanently. 

74 . Pipe Covering. — All exposed surfaces of mains and heating pipes should be covered 
with insulating material to prevent loss of heat, especially if these pipes are located where the 
radiated heat will be of no service. The radiation from such surfaces is greater in proportion 
to the temperature difference than for cast-iron radiating surface. Cast-iron heating boilers 
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are generally covered with asbestos cement to 2 in. thick, wired on, and the whole given a 
coating of hard cement finish. 

When hot water systems are used with a comparatively wide range in the temperature of 
the water, it is unnecessary to cover exposed riser pipes in the rooms as the water temperatures 
may be reduced if the pipes are left exposed. This means a saving of many thousands of dollars 
in large buildings of the commercial type where the covering amounts to nearly as much as the 
piping itself. 

All coverings have for their insulating principle the cellular inclosure of air; the smaller the 
cells, the lighter the covering and the better the insulating qualities. Hair felt, magnesia car- 
bonate, asbestos, diatomite, mineral wool, paper, and cork are some of the materials used for 
insulation. Enclosed stationary air is the very best insulator, therefore hair felt is one of 
the most efficient of the commercial coverings, but it deteriorates and chars under high 
temperatures. 

Cork covering is also highly efificient and is extensively used on cold water and refrigerating 
pipe lines but is not favored for high temperatures. Mineral wool has been used extensively 
for underground mains. This is made from blast furnace slag blown into fine fibers. Due to 
the presence of sulphur, if any moisture gets near the covering and pipe, it eats the pipe surface 
very rapidly. 

Asbestos and magnesia carbonate have come into almost universal use for pipe insulation 
due to their incombustility and excellent insulating qualities. Diatomite is a natural silicate 
composed of the minute shells of sea animals. It is also known as infusorial earth. * 

Where exceedingly high steam temperatures are used, magnesia or asbestos 2 and 3 in. 
thick should be used for covering because they are incombustible. Judgment should be used 
in selecting the material and thickness for pipe coverings, the temperature and permanency 
being the controlling factors. There is no advantage in using thick magnesia coverings on low 
temperature hot water mains. The heat loss with the pipe covered should be under 10 to 15 %. 
Thickness and first cost should be considered in order to obtain this result. 

Paper coverings built up with air cells are very economical for low pressure work, the paper 
being in the form of asbestos mill board. Wool felt is also economical. 

Where long mains are run undergroxmd and the heat is entirely lost, the insulation of the 
pipe becomes very important and the most efi&cient is none too good. Underground drainage is 
also very important in this class of work. 

Ordinarily, covering 1 in. thick is sufficiently heavy for use in buildings. For use in tunnels 
and trenches and for high pressure steam, at least 2 in. thick should be used. All pipe covering 
comes in molded sections about 3 ft, long made for the different commercial pipe sizes. The 
fittings are covered with a cement, finished smooth, and the whole canvas jacketed and painted 
with oil or water paint. Table 39 by J. R, Allen, gives the relative insulating qualities of differ- 
ent materials. Table 40 gives the losses for magnesia in B.t.u. for different sizes of mains 
with the last column of Table 39 (relative insulating value) the loss for any size pipe and cover- 
ing may be readily determined in B.t.u. 
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Table 39. — ^Relative Conductivities op Various Commercial Coverings 


(J. R. Allen) 


iMaterial of covering 

Pounds of 
steam per hour 
per sq. ft- 
(covered pipe) 

Ratio con- 
densation of 
covered pipe 
to bare pipe 

Thickness 
of covering 

(in.) 

B.t.u. lost 
per sq. ft. 
per hr. 

Relative in- 
sulating value 
compared with 

1 in. hair felt 
and canvas 

Moulded 






Asbestos 

0.145 

0.319 

1.23 

136 

0.803 

Magnesia 

0.119 

0.224 

0.94 

166 

0.915 

Magnesia and asbestos 

0.125 

0,300 

1.12 

118 

0.879 

Asbestos and wool felt 

0.190 

0.228 

1.12 

102 

0.910 

Wool felt 

0.117 

0.234 

1.16 

110 

0.904 

Wool felt and iron 

0.134 

0.269 


125 

0.828 

Sectional coverings 




i 


Mineral wool 

0.097 “ 

0.193 

0.94 

91 1 

0.952 

Asbestos sponge 

0.105 

0.220 

1.12 

102 1 

0.920 

Asbestos felt 

0.100 

0.217 

1.35 

94 i 

0.923 

Hair felt 

0.080 

0.186 

1.45 

75 j 

0.960 

Non-sectional coverings 






2 layers asbestos paper 

0.388 

0.777 


364 

0.263 

1 in. hair felt and canvas 

0.070 

0.150 


68 

1.000 


Q Thermosfat 
H'l First floor su/p/y 
E-Z Second flocr FIxh. 
Pipe hanger 
Pipe anchor 
Expansion Joint 
9*- Elbow-hoking dom 
o- Eiboy^hoking up 
-e- Tee‘ looking down 
-OH T^-iocJdng down 
U Pipe coil 
Damper 

a Toilet exhaust 
H Kitchen exhai^ 
naira lento -plan 
E3Q VenfO’ elevation 
r^v Auto, air valve 
Check valve 
-Sh Diaphnam vafve 
<Xf~ Angle valve 
Saiety valve 
Hof wafer heater 
R-ffI fkgbfer or Peg. face 
TGtBG, lop (XT bottom grille 
□ Air washer 


Hgh pressure steam 
^ — High pressure drip 
— t — Low pressure steam 
o—r- Low pressure return 
tow pressure drip 
<*-*Y^Trap discharge 
Column radiotor-phn 
j4o?l Column radiator- Eiev. 
Wall radiator- plan 
Waif radiator- efevatron 
«=« Pipe coif -plan 
Pipe coih elevation 
^ Supply duct or flue 
S Exhaust duct or flue 
Supply negistBr 
Exixrust register 

Trap 

—Si— Gate valve 
Ohbe valve 

Water seat orThermo. trap 
L^L^PeducJng valve 
izKD P'ston pump 
^ tan 
cf] Motor 
Engine 


Fig. 33. — System of characters for use in drawing plans for power heating ana ventilation. 
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Table 40. — Heat Losses from Magnesia Canvas Covered and Uncovered Pipe 
(For 160-lb. pressure and 60-deg. air temperature. For any other pressure, use Unit “C.” 
Other coverings can be compared by efficiency Table 39.) 

(Babcock and Wilcox) 


Size 

of 

pipe 

(in.) 

Unit 

of 

loss 


Thickness of covering in inches 



Bare 


H 

1 

IH 



A 

537 

149 

118 

99 

86 

79 

2 

B 

959 

240 

190 

161 

138 

127 


C 

3 1S9 

0 770 

0.613 

0 519 

0 445 

0.410 


A 

876 

206 

172 

137 

117 

106 

3 

B 

955 

225 

187 

149 

128 

115 


C 

3.08 

0.723 

0.602 

0.479 

0 413 

0.372 


A 

1085 

247 

216 

160* 

139 

123 

4 

B 

921 

210 

164 

136 

118 

104 


C 

2 97 

0.677 

0 592 

0.439 

0 381 

0.335 


A 

1326 

301 

247 

193 

166 

146 

5 

B 

908 

206 

169 

132 

114 

100 

. 1 

C 

2.93 

0.666 

0.546 

0.425 

0 368 

0.323 


A 

1555 1 

362 

269 

221 

190 

167 

6 1 

1 B 

897 1 

208 

155 

127 

110 

96 


1 C 

2 89 

0.655 

0.500 

0.410 ! 

0.355 

0.310 

j 

A 

1780 

400 

304 

250 

212 

188 

7 

B 

890 

200 

152 

125 

106 

94 


C 

2 87 

0.643 

0.490 

1 0.402 

0.345 

0.303 


A 

1994 

443 

337 

276 

235 

' 207 

8 

B 

883 

196 

149 

122 

104 

92 


C 

2 85 

0.632 

0.481 

0.394 

0.335 

0.297 


‘ A 

2468 

549 

416 

337 

287 

250 

10 

B 

877 

195 

148 

120 

102 

89 


C 

2.83 

0.629 

0.477 

0.387 

0.329 

0.287 


A 

2900 

647 

490 

393 

337 

280 

12 

B 

871 

194 

147 

118 

101 

84 


C 

2.81 

0.626 

0.473 

0.380 

0.323 

0.269 


Unit *'A” = B.t.u. per lin, ft. per Ixr. 

Unit “B” = B.t.u. per sq. ft. per hr. 

Unit "‘C” » B.t.u. per sq. ft. per deg. Diff. per hr. 




SECTION 2 


WATER SUPPLY DATA AND EQUIPMENT 

By W. G. Kibchoffer 


SOURCES OF WATER SUPPLY 

1. Water in General. — Water is the most universal solvent known and for that reason is 
never found pure in nature. Falling in the form of rain, it absorbs dust and gases from the 
atmosphere; flowing over and through the earth, it absorbs organic and mineral matters. Pure 
water, as distilled in the laboratory, is composed of two elements, hydrogen and oxygen, in the 
proportion of two volumes of hydrogen to one of oxygen, and by weight, one of hydrogen to 
eight of oxygen. The term pure water, as loosely used in a commercial or domestic sense, 
usually means that it is wholesome and potable. 

Surface waters usually contain organic matter as well as mineral matter, but ground waters, 
especially those of deep-seated origin, contain little or no organic matter, but always some 
mineral matter. The most common mineral matters found in well waters are the salts of calcium, 
magnesium, sodium, iron, silica, potassium, and aluminum, in the order named. When water 
contains much lime and magnesium salts, it is called hard. These matters in solution do not 
appreciably increase its weight until it becomes saturated like sea water, when it is about 2 % 
heavier than distilled water. 

Water occurs in three physical states — solid, liquid, and gaseous — and under proper changes in temperature 
and pressure can be readily transformed from one to the other. The mineral and organic content of water has 
very little effect upon the flow of water except as it roughens surfaces with which it comes in contact by forming 
incrustations, and thus decreases the velocity or, as in some extreme cases, decreases the diameter of the pipe. 

Water is practically an incompressible liquid of constant volume except as it changes during the process of 
freezing or vaporizing. At 62 deg. F. it weighs 62.355 lb. per cu. ft., or 8.33 lb. per gal (U. S.). 

2. Rainfall. — Rainwater, if obtained before reaching the surface of the earth, is the purest 
form of natural water, as is also snow. However, as soon as it has come in contact with the 
soil, it becomes contaminated owing to its solvent action. Ice is also a very pure forno of 
natural water, as most of the substances in solution are forced out into the surrounding water 
during the process of freezing. Water that is contaminated bacteriologically, is purified to a 


Table 1. — Seasonal Rainfall 
(Inches per season) 


Locality 

Spring 

Summer 

Autumn 

Winter * 

Monthly, 
(in. per mo.) 

< 

d 

Max. 

> 

Min. 

Max. 


Min. 

X 

oS 

kH 

xq 

> 

< 

Min. 

Max. 

Min. 

X 

03 

% 

New England and Central 















States 

11.17 

9.2 

13.5 

12.5 

10.5 

13.3 

10.86 

9.0 

12.3 

10.99 

9.3 

14.5 

3 

10 

Southern and Gulf States 

12.66 

9.8 

14.9 

15.14 

12.6 

21.4 

10.9 

9.5 

14.2 

12.3 

9.1 

16.4 

2 

9 

Upper Mississippi and Lake 















Region 

8.9 

6.5 

11.0 

11.4 

9.7 

12.4 

8.41 

5.8 

9.7 

6.44 

3.1 

10,3 

1 

5 

Plain and Rocky Mountain 















Region 

5.74, 

4.6 

8.1 

6.65 

2.1 

10.9 

3.75 

2.2 

7.6 

3.2 

1.6 

6.0 



Western Plateau 

2.1 

1.3 

3.4 

3.1 

0.8 

5.8 

2.3 

1,3 

3.5 

2.95 

2.0 

3.5 

H 


Pacific Coast States 

8.2 

6.2 

9.8 

2.3 

0.3 

6.9 

8.161 

3.5 

10.5 

16.6 

11.9 

21.0 

H 

12 
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great extent by the process of freezing, and ice that has been frozen for a few months is con- 
sidered perfectly safe to use by some authorities even though its source had been polluted. 

The amount of rainfall per minute, hour, day, month, season, or year varies greatly in all parts of the globe 
Only a general notion can be given here of the amounts and variations in the United States. A knowledge of the 
rainfall in connection with buildings is useful where the supply is taken from a small stream or river; where rainwater 
IS collected from roofs and stored in cisterns for domestic or industrial uses, and where the roof areas are so large 
as to materially effect the size of rain leaders (down spouts). 

The annual rainfall east of the Ap'>alachian Range is 40 to 50 in., %vell distributed throughout the year. West 
of this range and east of the IMiasissippi River it amounts to about 30 in., on the great plains 15 to 30 in., between 
the Rockies and Sierras, 10 to 20 in , and on the Pacific slope, 20 to 100 in. The higher limits are usually along 
the coast lines and about the Great Lakes. 

The data given in Table 1 should be used only as a general guide. For more detailed information, see United 
States Weather Bureau reports and works on Hydrology. 

3 Ground Water. — Ground water is a term applied to waters whose source is from the 
ground, whether from springs, seeps, or deep or shallow wells. Ground waters are always 
colder in summer and warmer in winter than surface waters, except those very deep-seated 
waters, such as boiling springs and geysers. The temperature of ground water below a depth of 
50 ft. is the same as the mean annual temperature for the locality and does not vary from season 
to season. The temperature below this depth increases 1 deg. F. for each 60 ft. The outer 
crust of the earth to a depth of 50 ft. is influenced by the seasonal variations of temperature. 
From these facts it is possible to predict from what depth any water comes by comparing its 
temperature with the mean temperature for that locality. Ground waters are the most largely 
used sources of water for domestic purposes. A good potable water is one which is free from 
pollution and contains some mineral matter which makes it pleasing to the taste. Distilled 
water is very fiat and insipid. 

3a. Drilled Wells. — Drilled wells derive their water from rock or consolidated 
formations, such as sandstones, conglomerates, limestones, and trap rocks. The soft, caving 
formations above the rock are cased off with standard wrought-iron pipe or well casing, which 
should be driven firmly into the rock formation. Where possible it is preferable to extend 
the casing through any soft rock formation, such as shales lying above the water-bearing rock. 
In some cases wells are ''grouted^’ from the surface of the water-bearihg formation to the sur- 
face of the ground. In the case where the grouting is to be done on a new well, that portion of 
the well that must be grouted is drilled to a large diameter, say 12 to 20 in., and to a depth 
sufiftcient to prevent leakage, seepage, etc. The depth to be grouted is usually predetermined 
by a knowledge of the strata and should preferably extend to or near the top of the water- 
bearing formation from which it is desired to obtain the water. An outside casing must be 
used where the formations above the rock cannot be kept from caving long enough to permit 
of the completion of the work. 

The hole at the bottom of the grout should be made smaller, of a size just large enough 
to receive the “liner” which should be seated firmly in the rock to a depth of at least 2 ft. The 
liner can be made of any grade of metal sufficiently strong to withstand handling and prevent 
collapse. The tops of both the outside and inside casings should reach the surface 
of the ground, or to the point where the water is to be taken off. In the case of flowing wells, 
the liner may be used as the discharge or suction pipe if pumping is done, and would be directly 
connected to the pump or horizontal pipe. The space between the two casings should be at 
least 2 in., but more is desirable. The space between the inner casing (liner) and the drill 
hole is filled with neat cement grout which is forced into the space by a hand pump. 

The following apparatus is necessary: a line of IH-in- pipe, suflScient to reach within 10 ft. of the bottom of the 
space to be grouted, a hand or tank pump, and a half barrel or water-tight box of about the same size, in which the 
grout is placed. The pipe is hung between the liner and the outside of the well and is so connected that it 

can be readily raised as the filling progresses. The grout is made of cement of such a consistency that it will pour 
readily and no sand is added to the grout while the pump is in use. 

The yield of a well depends upon its diameter, the water-bearing strata intersected, the depth of the well (as 
effecting friction), and the ability of the pump to lower the water. 

Where the water-bearing strata is of a uniform nature or texture, such, as sandstone, the yield varies with 
the physical structure of the strata and directly with its thickness. When the water-bearing strata is not uniform, 
such as limestone and granite, the yield depends upon the number and width of the fissures. 
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The theoretical relationship of these quantities is difficult of expression and interpretation, but for rough eati- 
mates the empirical formula 



holds approximately true for sandstone formations where the lowering of the water by pumping is not over 20 ft. 
and the diameter of the well is 6 to 10 in. In this formula 

Q = yield in gallons per minute. 

T = thickness of water-bearing formation in feet 

L — lowering of the water in feet. 

O' = a factor dependent upon the character of the formation. 

The amount of water that can be taken from a w'ell per unit of time depends very largely, in the case of small 
wells, upon the character of the pumping machinery For example, a 6~in. w'ell may have a large capacity due to 
a great depth of water-bearing rock pierced by the drill, yet with a single acting deep-well pump, it is difficult to 
secure much over 100 gal. per min. The size of a well should therefore be made amply large if drilled before the 
quantity of water required, the method of pumping, and the depth and character of the w’ater-bearing rock are 
known or closely approximated. 

The capacity of wells in limestone or traprock formations is difficult to predetermine owing to the fact that the 
extent and number of fissures to be encountered are unknown. The quantity of water will usually vary approxi- 
mately with the thickness of the formation pierced and with the square root of the lowering. A good procedure is 
to test the well by pumping before its completion, and noting (1) discharge of test pump in gallons per minute, 
(2) the lowering of the water in feet, and (3) the thickness of the water-bearing strata encountered. Then from this 
data, predict the conditions which would take place if the desired quantity were obtained. 

The capacity of a well does not vary greatly with the diameter so far as the ground resistance to flow is con- 
cerned. A large diameter is of advantage chiefly in reducing the velocity of flow within the well, thus reducing 
the friction and the advantage of placing a large pump. 

These wells may be classed as either deep (non-flowing) wells or artesian (flowing) wells, depending upon 
whether the water in the water-bearing formation is under enough pressure to bring the water to the surface. In 
cases where the proposed well is vithin or near a well-established (developed) community, a careful study of 
the local conditions as to existing wells, will aid greatly in arriving at the proper diameter and probable depth. 
Quicksand, clays, shales, slates, and close-textured granites, should not be depended upon as sources of water 
for any purpose, not even a country residence. The total yield of ground water that may be collected varies from 
0.1 to 0.5 mi l l ion gal. per day per square mile, and at one locality, from 1 to 3 million gal. per day, 

3&. Driven and Tubular Wells. — Driven and tubular wells secure their water 
from the loose formations above the solid rock, such as sand, gravel, or a mixture of these. 
Driven wells consist of a ^‘point” attached to a screen, often called a “well point’^ or “well 
screen,’^ which in turn is attached to several feet (as may be needed) of wrought-iron or steel 
pipe having a diameter to suit the “well point. These wells are seldom less, than 134 or more 
than 4 in. in diameter. The points have openings 40, 60, or 80 meshes to the inch; the small 
sizes are usually 3 to 5 ft. long, and the larger sizes 8 to 60 ft. long. 

Driven wells are usually relatively shallow, but in some cases have been driven to depths 
of from 400 to 500 ft. Driving to such depths is very liable to damage the screen. The amount 
of water to be obtained from such wells is very difficult to estimate for the principal reason 
that little or nothing is known about the character of the water-bearing material that is to be 
encountered. Even if the water-bearing strata is present, the possibility of getting the point 
entirely within it is quite an uncertainty. Where possible it is a much better plan to xxse a tub- 
ular well. This is put down in much the same way as the casing of a drilled well with the 
exception that a specially-designed shoe with a flange is used. When the water-bearing sand or 
gravel is reached, the point is dropped into the casing and is either driven below the end of the 
casing or the casing isw pulled back to the top of the screen, or both processes of exposing the 
screen may be used. By this miethod much deeper and larger wells may be used, the point may 
be pulled up and examined, and a very definite knowledge of the water-bearing formation may 
be had by noting the character of the drillings and the behavior of the water levels when 
bucketing. 

The amount of water to be obtained from weUs of, this kind varies greatly according to the porosity and ooarsea 
ness of the sand or gravel. From tests of a large number of wells of this class it was found that with 60-mesh screen- 
it was possible to secure gal. per min. per sq. ft. of screen surface per foot of lowering of the water in the well; 
that is to say, a well point having 5 sq. ft. of screen and a lowering of the water of 10 ft. would supply approxi- 
mately gal. per min. Wells in coarse gravel will often supply very much more than this amount. Forty 
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wells located in coarse sand and gravel* yielded under test an average of 0.684 gal. per min. per sq. ft. of screen sur- 
face per foot of lowering, with, a minimum of 0.45 gal. and maximum of 1.152 gal. per min. 

Where the size of the sand grains is small or the porosity low, the capacity of tnis type of well can be greatly 
increased by packing tne well screen in selected gravel. This can be successfully done by using a well casing 6 in. 
or more larger in diameter than the outside of the screen, and when the proper depth is reached, the well screen 
attached to pipe of slightly smaller diameter, is put in place. Then selected gravel H to ^ in. in size is placed 
about and for some distance above the screen. The large casing is then drawn by jacks and the well is complete 

In the same formation and in identically the same place, wells of this kind have been known to give 6 times as 
much water as wells having a 60-mesh well screen but without gravel. The screens used with the gravel-packed 
wells are usually coarser than 40 meshes per inch. Besides the common gauze mesh screens, there are a number of 
patented screens such as the Cook, Johnson, and Bowler. 

3c. Dug or Open Wells.— Dug or open wells are usually relatively large in 
diameter, and shallow. The supply of water comes from the bottom and little or none from the 
^ides unless it is excavated in rock formations. Wells of this kind are usually ^‘curbed” with 
wood, brick, masonry, or concrete. The most successful manner of construction is to make a 
ring of concrete of the desired size, and after it has set suflSciently (3 to 4 days), lower it to the 
desired depth by excavating in the center. Such wells have been constructed 18 ft. in diameter 
by 60 ft. deep. Dug or open wells have the advantage of providing some storage of water, as 
well as a supply. Their capacity depends upon the physical characteristics and thickness of 
the water-bearing material, upon the lowering of the water, and upon the means provided for 
its entrance into the well. Metal screens may be placed in the walls near the bottom and the 
area of the water-bearing material, if of sand or gravel, may be covered with crushed rock or 
gravel to keep the fine sand from flowing in. The well should be properly covered to protect it 
from contamination. 

The relative capacity of a well in the same formation, and with the same depth and extent of lowering, varies 
so far as ground friction is concerned, about as shown in the accompanying table, assuming that the water comes in 
through the sides and bottom of the well and that the yield of a well 1 ft. in diameter is unity. 


Well diameter, feet 
2 

3 

4 
8 

20 

40 


Units of capacity 
2.101 
3.173 
4-214 
8.378 
20.660 
40.980 


From this table it is seen that the possible yield of a well of this type increases about as the diameter, but very 
much slower than the surface of water-bearing material encountered by the walls of the well. The yield of a 
well is often determined, not by the above consideration, but by tne velocity of water at which fine sand may be 
carried into the well. This condition should be guarded against by properly designed screens in the walls of the 
weE and by assorted layers of gravel placed over the bottom of the well wherever the water-bearing material is fine 
sand. 

3<i. Interference of Wells. — When any well is pumped for any considerable 
length of time at a given rate, there is a ‘^cone of depression” established about it. 

In cases of shallow wells, the surface of the water in the ground actually lowers, but in cases 
of deep-seated sources, the pressure against the impervious layer of earth restraining the water 
is lowered about the well. 

When two or more wells in the same area and penetrating the same source are pumped 
simultaneously, their cones of depression overlap, and there is a marked interference of the flow 
of one well upon the other. This takes place as an actual decrease in the quantity pumped for a 
given lowering at each well, or, if the original quantity is pumped from each well, there will be an 
increased lowering of the water at each well over and above what there would be if each well 
were pumped separately. 

This interference can he measured fairly accurately by pumping one well of a gang and 
noting the lowering of the water in the others of a gang, or special observation wells can be put 
down for this purpose. 

If the lowering of the water due to pump any given time quantity Q from a given well be 
represented by a, and the lowering of the water in the other wells observed be represented by 
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6, c, d, e, etc., then, if all of the wells were pumped simultaneously at the same rate Q per well, 
the theoretical lowering of the water at each well will be the sum of these lowerings or a-h-c-d-e-j 
etc., depending upon the number of wells pumped. 

If the observation, 6, c, d, etc., were made on special observation ■wells of small diameter, 
then the summation given above would represent w-hat the lowering would be if wells of ade- 
quate diameter and depth were put down at these same sites. 

4. Springs. Springs may be _divided from an hydraulic standpoint into gravity and arte- 
sian (pressure) springs; and from a physical sense, into seepage, tubular, and fissure springs. 
Gravity springs are not confined between impervious beds, but flow because the ground-water 
surface is intersected by the surface of ground, as at the base of a hill or along a bank of a stream. 
Artesian (pressure) springs are confined between impervious beds, are relatively deep seated, 
and partake more or less of the characteristics of artesian wells. Such springs, if confined 
in a pipe or concrete basin, may be forced to rise several feet above the surface of the ground. 

Seepage springs may be either gravity or artesian, but usually are of the gravity type and spread out over 
considerable area, as on a bench at the foot of a bluff along a river bank. This condition is usually accompanied 
by a soft spongy ground, abundant vegetation, and an oily scum due to decomposition of vegetable matter with the 
presence of iron or manganese. IMany seepage springs are very deceiving as to the actual quantity of w^ater flowing, 
owing to the relatively large area covered and apparent large quantity of water. Tubular springs are formed due 
to the solubility of some part of a rock formation or by the opening left by a decayed root. In limestone, the 
passages may extend for miles. These springs are often periodical — that is, fluctuating with the rainfall. 

Fissure springs are always in rock formation and are usually artesian. Tney escape along bedding planes, 
joints, and cleavages in the rock formation and the waters are usually free from organic contamination, but are often 
highly mineralized. The requisite and qualifying conditions fox the formation of springs are essentially the same as 
those for an artesian well; viz., a sufl&cient rainfall, a collecting area, a porous inclined bed of sand or rock with an 
opening for escape of the water at the lower edge, or in case of an overlying impervious stratum, an upward passage 
for the water. 

Springs may be contaminated principally in two ways: (1) by direct wash of*pollution into the water as it 
merges from the ground, and (2j by infiltration of polluted water on the catchment area. The first may be pre- 
vented by protecting the spring, and the second may be remedied if the exact location of the collecting area is known 
and the source of pollution removed. 

5. Infiltration Galleries. — Infiltration galleries are really horizontal wells excavated below 
the level of the ground water. They are constructed so as to leave an open space within the 
ground water horizon into which the water can percolate through the porous sides or openings 
left for that purpose. They are often made of brick, stone masonry, or some kind of pipe, such 
as vitrified clay pipe. The supply that can be obtained from a gallery of this kind depends upon 
its length, depth below the natural water level, and upon the characteristics of the water- 
bearing material. This may vary from a fraction of a gallon to several gallons per foot of gallery. 
(A 12-in. vitrified pipe 300 ft. long laid in a medium sized sand supplied gal. per ft. when 
the water level was lowered 6 ft.) 

The Los Angeles Water Company has a vitrified pipe infiltration gallery 4500 ft. long which is reported to yield 
an average of 0.75 gal. per min. per ft, of gallery. The Crystall Springs Water Company, at about the same loca- 
tion, has 5368 ft. of similar gallery of vitrified pipe 15 to 24 in. in diameter, yielding 0.755 gal. per min. per ft. of 
gallery. At Grand Rapids, Wis., a 12-in. vitrified pipe gallery 960 ft. long, laid in extremely find sand of uniform 
size, yielded onljr o of a gallon per min. per ft. of gallery. 

6a. Chemical and Bacterial Quality of Ground Water. — Ground waters from 
deep-seated rocks such as sandstones usually contain few bacteria. Water in limestone and 
other fissured rocks may carry pollution for miles. Shallow wells in loose formations may be 
easily polluted and should be protected for a considerable distance about the well. Bacterial 
analyses of water from new wells or similar works for the collection of ground water are mis- 
leading xmless taken after several months of pumping due to the surface dirt remaining on the 
well casings and equipment. 

Changing the draft on a supply may change its quality as determined by bacterial analysis. 
Pure waters, falling as rain on the ground, have great solvent power, and, hence, ground waters 
are highly mineralized and hard, as a usual thing; exceptions are where the country is entirely 
underlaid with a non-calcareous silt or sand. 

6. Sttrface Waters. — The waters of lakes, ponds, rivers, and streams are very liable to be 
polluted and unfit for domestic use. Waters of this character, however, can often be used for 
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commercial and industrial purposes without treatment, or at the most, by filtration through 
pressure filters at rapid rates. In rare instances, waters from an extremely large lake or from a 
river flowing from an unpopulated territory, are safe without purification. Where a safe water 
supply is insufficient in amount for all purposes for a building, water for flushing of toilets, 
scrubbing, etc., can be taken from a surface water supply and the bubblers supplied from 
another source or a part of the surface water supply treated for this purpose. Before such a 
source of supply is chosen, or better still, before the site of the proposed industry or institution 
is chosen, the quantity and permanency of the supply should be investigated. 

The factors affecting the flow of a stream are: drainage area, slope of surface, character of subsoil, temperature 
(evaporation), and rainfall. Where the stream is large as compared to the demands of the industry, no detailed 
investigation might be necessary, but where the stream is small and varies in discharge with the seasons, a careful 
investigation should be made; also the character of the water, such as turbidity, color, and mineral and organic 
matter content, should be determined and compared with the needs of the industry. 

Surface waters as a rule contain very much more organic matter and very much less mineral matter than do 
ground waters. These organic matters are largely of a nitrogenous nature and are difficult to remove when once 
passed into the nitrate form. 

A conservative estimate of the quantity of water available from any stream would be 10 to 50 % of the precipi- 
tation, depending upon the locality and nature of the stream. The rainfall should be taken for the average driest 
years. On streams where the minimum flow is likely to be less than or just equal to the demand, a small dam should 
be constructed across the stream to impound water to tide over the driest spells. 

Ground versus Surface Waters . — Ground water compared with untreated and unfiltered 
surface waters has the advantage that its bacterial count is low, has little color, as a rule, is 
uniformly low in temperature, clear, and generally free from pollution, while surface waters 
generally are the reverse of all of these good qualities. 

The relative disadvantages are that it is likely to ‘be hard, often contains other minerals, 
as compounds of iron manganese and sodium, and the quantity is usually limited within any 
given area. 

Works for the collection of ground water are usually subject to rapid depreciation — double 
pumping often has to be resorted to — and are inefficient as compared with pumping methods 
from surface supplies, and prediction of an adequate supply from any given area is more or 
less a matter of speculation. 


PURIFICATION OF WATER 

7. Impurities of Water. — Water may be considered to be impure from either a chemical 
or a sanitary standpoint. Mineral matters contained in waters, if in sufficient quantities, 
may interfere with steam making and industrial uses, and if it contains large quantities of 
alkalies, it will even be unfit for domestic use. The impurities which we are more concerned 
about are those of a sanitary nature and are of organic origin. A water may be ever so clear 
and of excellent taste and yet contain thousands of disease-producing germs. 

8. Sotirces of Pollution. — A polluted water is one which contains the wastes from human 
habitation. It may not necessarily contain disease-producing germs or matters in which they 
are usually found, but may contain such other wastes as to make the water unwholesome. 
'‘Contaminated” is sometimes used synonymously for the word “polluted,” but it is stronger 
and means that the water has and does contain wastes which might cause disease or disorders. 
Besides the sewage carried away from buildings by sewerage systems, there are other sources 
of pollution, such as outhouses, slop drains (from kitchens), industrial wastes, decaying animal 
matter, and drainage from farm buildings and yards. The discharge from sewerage systems 
usually pollutes only surface waters, whereas the other sources pollute ground waters as well. 

If a water supply must be taken from a surface water, it should be taken, in case of a stream, far enough above 
the outlet of the sewer to be sure that none of the sewage will be drawn into the intake, and in case of a lake or 
other body of water, the intake should be in deep water and removed as far as practicable from the sewer outlet, 
even though the sewage be treated or purified. 

In the case of ground waters, it is more difficult to trace sources of pollution to a water supply. In general, 
ground waters flow in the direction of the slope of the ground, i.e., into ravines, dry runs, and valleys. In all cases 
the source of water supply should be located so that the surface drainage will ho away from, rather than towards the 
^ell, spring, or point on stream where the supply is taken. 
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9. Aeration. -The usual process of purifying water by aeration is to discharge it into the 
air so as to break it up into a fine spray or a thin film. The process is used to oxidize organic 
matter, remove gases, such as hydrogen sulphide, and carbonic acid gas, and odors produced by 
aquatic vegetation. It is also iised in some cases as a part of the process of removing iron and 
manganese. 

10. Sedimentation. Many surface waters, owing to the nature of the ground over which 
they flow, contain large quantities of suspended matter which may or may not be of a polluting 
nature. Many rivers flowing through a country where the surface material is largely clay, 
contain large quantities of finely divided clay in suspension. The process of sedimentation 
either natural or artificial, is used to remove as much of this material as possible. In some 
cases for industrial use, it is the only process needed, while in other cases it is a preliminary 
process to filtration, coagulation, or both. 

Sediraentation is divided into two tsrpea, intermittent and continuous. The first gives no better results than 
the second, but in some cases for industrial use, it is more convenient where the use is intermittent, to fill a tant or 
basin, let it stand from 12 to 24 hr., and then draw off the clarified water. Continuous sedimentation is the most 
satisfactory process where large quantities are needed continuously. As a preliminary process to coagulation or 
filtration, the period should be from 6 to 24 hr., depending upon the fineness of the sediment and upon the relative 
cost of sedimentation basin and subsequent process. Puller says that the economical limit of plain sedimentation 
is 24 hr., during which time 75 % of the suspended matter is removed. 

For large impounding reservoirs where the water iia to be used for a domestic supply without further treatment, 
the period of sedimentation should be three or more days, depending upon the fineness of the sediment. The 
percentage of removal is greatest when the amount of suspended matter is greatest. Twelve hours subsidence 
removes about 33%, and 24 hr. removes from 59 to 83%. The process should take place in a basin or tank of 
proper size for quantity to be treated. The inlet and outlet should be made so that the velocity will be a minimum; 
baffles should be used to prevent currents from forming; and screens should be provided to keep out leaves and 
floating matter from entering the outlet. 

11. Chemical Treatment.- — Chemical treatment may be used for the following purposes : 

(1) removal of bacteria and polluting organic matter; (2) removal of suspended matter — 
clay, etc. (producing turbidity), and vegetable compounds (producing color); and (3) removal 
of iron, manganese, and the salts producing hardness. 

This treatment may be used with or without sedimentation depending upon the nature of the case. For (2) it 
is necessary in all cases to provide some sedimentation for effective work. The coagxilants used for purposes (1) and 

(2) are sulphate of alumina, sulphates of iron, calcium oxide or hydrate, and sodium carbonate. Sulphate of 
alumina is most commonly used alone where the alkalinity is high enough to produce the necessary floe or precipi- 
tate. The amount of the chemicals used varies from a fraction of a grain to 6 or 8 grains per gal. depending upon 
the character of the water. Little work along these lines should be attempted by the architect or engineer without 
the aid of a chemist. 

12. Filtration — Action and Function. — Sand and gravel have been found to be the most 
satisfactory materials to use in the process of filtration. When water is passed through a layer 
of these materials, a large portion of the suspended matter, bacteria, and color is removed. 
Even colorless organic matter in the colloidal form is partially removed. The function of the 
filter is to strain out the bacteria and suspended particles and this function is performed not 
only by the sand but also by the very organic matter which it is sought to remove, the organic 
matter forming a sort of gelatinous substance aroxmd the sand grains. That organic matter 
does act in this manner is shown by the fact that a filter is more effective after it has been in 
operation for some time. 

There are two methods of filtration in common use: (1) the slow sand process, and (2) the mechanical or rapid 
sand process. In (1), the water is passed tiirough a bed of sand and gravel 3 to 5 ft. thick to a system of under- 
drains at an average rate of 1.6 million gal. per acre per day. This process is seldom used for small installations 
such as would be used in connection with a building. In (2), mechanical filters operate at much higher rates, 100 to 
200 million gal. per acre per day. The rapid filtration of water is distinguished from slow filtration, not alone by 
the difference in the rates of flow, but by several other features, such as the formation of the colloidal coating, 
which naturally differentiates the two general methods of purification. 

Mechanical filters may be divided into gravity filters and pressure filters. Gravity filters as the name implieSf 
signifies that the water flows through the filter by gravity. 

Essentials of Rapid Sand Filters. — The simplest form of a rapid sand filter must have the 
fc flowing essential features; 
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{a) A suitable underdrainage system for the collection of the filtrate and for distributing 
the wash water over the entire area. Gravel, pipe grids, nozzles, and even porous concrete 
have been used for this purpose. 

Q>) A thick layer (about 2 ft.) of selected uniform sand as a filtering medium. 

(c) Wash troughs spaced about 5 ft. apart above the sand to carry away the dirty wash 
water when filter is being backwashed. 

(d) Pipe connections and valves for controlling inlet water, filtrate, wash water, dirty water 
to sewer, and re-wash for wasting filtrate. 

(e) A control table hydraulically operated or hand-operated valve stems for controlling 
the water. 

Gravity filters are usually arranged in two rows, with a common water supply pipe, valves, wash-water pipes, 
rate of flow-controlling apparatus, gages, etc., in a pipe gallery between the rows. These filters are in round 
wooden or steel tanka (old type) or in square concrete basins (new type) . The clear water basin is usually placed 
beneath the filters. The wash water required for mechanical filters is 5 to 7 gal. per min. per sq. ft. of filter area. 
The head required for washing is 30 ft. or more depending on the type of strainer used at base of filter. The amount 
of water used for washing per day is equal to a column of water 5 or 6 ft. high over the entire area of the filter, 
A gravity filter has an advantage over a pressure filter in that it is easier to observe every step in the filtering 
operation, and it is possible to examine the condition of the sand at any time without shutting down the filter. 

Pressure filters are closed cylinders or tanks of steel in which is placed a bed of sand or crushed quartz and 
through which the water is forced under pressure (see Fig. 1). Other filtering materials for special purposes, such as 
charcoal, coke, or zeolite are sometimes used. The strainer system also acts as a distributor for the wash water 
during the cleaning of the sand bed. During the washing process compressed air is often used. 



Table 2. — Trade Data on American Water Softener Co.'s Wood 
Tank Gravity Filters 


Diameter 

(feet) 

Area 
(sq. ft.) 

Capacity (gal. per 
min.) 

Size inlet 
Cinches) 

Weight* 

(pounds) 

Appo3C. cost per 
100 gal. per rain, 
capacity 

6 

28 27 

56 

3 

12,600 

$1400 .00 

8 

50.26 

100 

4 

22,260 

1150 .00 

10 

78.54 

157 

4 

34,500 

975 .00 

1 

'113.10 

226 

5 

50,700 

840.00 

14 

153.94 

307 

6 

67,700 ! 

760.00 

15 

176 71 

353 

0 

78,700 

725 .00 

17 

226 98 

453 

8 

[ 101,400 

700 .00 


• Total weight includes sand and gravel. 
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Table 3. — Data on Ttpical Pressure Filters 


Diameter 

(inches) 

Area 
(sq. ft.) 

Inlet and outlet pipes 
(inches) 

Capacity 
(gal. per min.) 

Approximate 
shipping weight 
(pounds) 

24 

3 1416 

IH 

6-9 

1,150 

30 

4 9087 

IH 

10-15 

1,800 

36 

7 0686 

lJ-2 

14-21 

2,000 

40 

8 72 

2 

17-26 

2,275 

42 

9.6211 

2 

19-29 

2,400 

48 

12 5666 

2>2 

25-37 

2,875 

^ 50 

13 64 


27-41 

3,225 

60 

19 635 

2H 

39-59 

4,250 

72 

28.27 

3 

56-84 

5,300 

78 

33 183 

3 

66-99 

6,300 

84 

38 485 

4 

78-115 

i 7,700 

96 

50.26 

4 

100-150 

11,350 


The above capacities are conservative. Use minimum capacities for muddy waters. Where maximum capaci- 
ties are exceeded, resistance will increase, the filter will require washing more frequently, and the filtered water will 
not^e of as good quality. 

Pressure filters, where no preliminary treatment is required, are used extensively for the reason that they are 
simpler and cheaper than gravity fibers. Filters treating water for industrial purposes should always be provided 
with a by-pass so water can be supplied direct in case filter is cut out for repairs. The bacteria removing efficiency 
of mechanical ffiters is approximately 95%. 

13. Rain-water Filters. — Besides its use in the laundry where it is desired on account 
of its softness, rain water, when properly aerated and filtered, makes a wholesome beverage. 
It should, however, be caught and stored so as to preserve its original purity. The present 
methods of collection and storage in most cases are bad. Every roof is foul with excrements 
of birds, dead insects, leaves, dust, etc , all of which are washed into the cistern. The first part 
of every rain should be turned off until the roof is washed clean. There are several auto- 
matic devices for this, but few are used. It will not in most cases be economical to attempt 
to filter the water as rapidly as it may come from a roof. It will be preferable and cheaper to 
first store the water in a tank or reservoir of wood, masonry, or slate, which should be located 
above the ground if possible. From such a reservoir the water should be led to the filter which 
should consist of sand and gravel, similar to the above described gravity filters. 

The filtet should be large enough to care for the average daily consumption, or at least large enough to filter 
the contents of the storage tank before another rain fills it. The rate of filtration should be between 50 and 150 gal. 
per sq. ft. per day; a layer of sand 2 ft. deep is sufficient. If desired, charcoal can be added to free the water 
of undesirable taste and smell. When the filter becomes clogged, it should be scraped to remove 'the sediment, but 
the sand and gravel below shduld not be disturbed except at long intervals, or when the filter ceases to work due to 
severe clogging. 

The filtered water should be stored in a clean, tight, and well-protected cistern or underground reservoir, from 
which the supply for domestic use is taken. Where the use of water may be largely for mechanical or industrial 
purposes, there could be two cisterns, one for filtered and one for unfiltered water. In this way the storage tank 
and filter could be made smaller. Upward flow filters built in a part of a cistern are worse than useless, as the 
pressure of the water will force a passage through in one or more spots and thus defeat the purpose of filtration. 
Also, galvanized-iron receptacles attached to down spouts and filled with charcoal, are only strainers and do not 
purify the water. 

If the roof tributary to the filter plant has an area of 1000 sq, ft. and the ordinary maximum rainfall is 2 in. per 
storm, then the capacity of the storage tank should be 1250 gal. and the filtered-water cistern should have a capacity 
sufficient to tide over dry spells. A cistern of 10,000-gai. capacity (for dimensions see Table 39, p. 1279, will 
supply 400 gal. per day for about one month, 

14. Removal of Iron. — If iron occurs in water to the extent of 0.2 to 0.3 parts per million 
it will cause little or no annoyance. In some cases 0.5 parts per million have given no trouble. 
Where iron occurs in the ferrous condition as hydrate, bicarbonate, or sulphate, its removal 
is comparatively easy by aeration and filtration, but where, it occurs as a chloride or nitrate 
or in the presence of manganese, organic matter, vegetable acids, or in a polluted water, its 
removal is difficult. Iron may be said to exist in waters of three classes: (1) Those which begin 
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to precipitate on exposure to air, iron in hydrate form ; (2) those which will hold iron in solution 
indefinitely even when aerated, iron usually combined with vegetable acid and appearing in a 
colloidal form; (3) waters which contain iron in both forms and therefore deposit a part, but 
not all, of the iron contents after aeration. 

The principal methods of treatment for class (1) are: aeration, sedimentation, filtration, coke contact, sprink- 
lers, and filtration through sand. For class (2): aeration, coke contact, sand filtration, chemical treatment, 
sedimentation, and filtration. For class (3) : a hypochlorite with filtration through chemically treated sand beds, 
or filtration through aged beds of sand. 

Iron-bearing waters are of the greatest annoyance in the laundry where they stain the clothes. Waters of the 
first class readily give up their iron when heated so that a simple pressure filter will remove the difficulty to a large 
extent if not overtaxed. 

Iron also causes trouble by clogging mains and service pipes due to the presence of the iron orgamsm, creno- 
thrix, which "has the ability of causing a deposit of iron to form on the inside of the pipes. 

16. Removal of Manganese. — Waters containing manganese are more difficult to treat 
than those containing only iron. Where the same processes are effective, they react much 
more slowly. In a water containing both iron and manganese, the iron will be found deposited 
near the source while the manganese will be found on the outskirts of the system and in dead 
ends. Manganese is no doubt a much more troublesome element than is generally supposed. 
It often gives to the water a milky appearance due to its colloidal form. When pres- 
ent with iron, organic matter, carbonic acid, and vegetable acids, it is a most diflicult elenjent 
to remove. Salts of sodium, especially a hypochlorite, seems to have the quickest and greatest 
effect on it when in this condition. 

The higher oxides of manganese appear to have a very favorable effect on the removal of those of a lower order, 
so that if water containing manganese is applied to a fiOlter in which higher oxides have been precipitated, a large 
percentage of the manganese in the water will be removed. Such a condition can be brought about by treating 
the filter with manganese sulphate, sodium hydroxide, and a hypochlorite, or by letting the filter become auto- 
matically coated as it wiU do in most cases if not disturbed. The rate of filtration for the removal of iron and 
manganese varies greatly with the character of the water, but would generally come between 1000 to 2000 gal. per 
sq, ft. of surface of filter per day. 

16. Causes of Incrustation. — Incrustation of steam boilers, water heaters, furnaces, coils, 
etc., is caused by deposition of the following: suspended matter; deposed salts from concentra- 
tion; carbonate of calcium and magnesium by boiling; suphates and chlorides at temperature 
above 270 deg. F.; manganese at high temperature; and lime, iron soaps, etc., formed by saponi- 
fication of grease- 

17. Effects of Incrustation. — Incrustation reduces efficiency of steam boilers, water heaters, 
furnace coils, and siphon jet closets; causes boiler plates to become overheated and distorted; 
and in some cases, causes failures to occur. Hot-water heaters, especially of the coil 
type, and furnace backs” or coils become so incrusted as to stop circulation. Hot water 
pipe systems become incrusted to such an extent as greatly to reduce their capacity, if not 
clog them entirely. 

Means of preventing incrustations are: filtration; blowing off boiler; use of internal collecting apparatus, or 
devices for directing the circulation; heating feed water keeps scale caused by temporary hardness from entering 
the boiler; use of boiler compounds; introduction of zinc into the boiler; water softening. Other remedies for these 
troubles will be found in Art. 19. 

18. Hardness of Water. — Waters are said to be hard because of their action upon the skin 
of the body and because of their neutralizing effect on soap. Hardness is of two kinds: (1) that 
caused by the bicarbonates of calcium, magnesium, and iron, which is called temporary hardness 
and can largely be removed by boiling; and (2) that caused by the sulphates, chlorides, nitrates, 
and silicates of calcium and magnesium, which is called permanent hardness because boiling 
not only does not remove it, but, on the other hand, tends to increase it. The sulphates, 
chlorides, etc., form much harder scale than the bicarbonajbes. Hardness is measured by 
grains per gallons, parts per 100,000, and in parts per million in equivalent calcium carbonate. 

Waters have been classified as follows in parts per million: 


0-50 Very soft 

50-100 Fairly soft 

100-150 Medium 

150-200 Moderately hard 

200-300 Hard 
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A water containiag 0 to 70 parts per milliop of equivalent calcium carbonate is considered a very good boiler 
water; 70 to 150, good; and 150 to 250, fair. 

18a Advantages of Soft Water. 

1. The added comforts experienced by a change from hard to soft water cannot be appreci- 
ated until after the change is made. 

2. Manufacturing interests appreciating the value of soft water will more readily locate 
in a community having soft water than in one having hard water. 

3. Waters of questionable quality or liable to an occasional pollution are made safe by the 
action of the lime on the intestinal and typhoid organisms. 

4. The lime treatment not only removes hardening salts from the water but also removes 
iron and absorbs color due to organic matter. 

5. It renders the soap used more effective and prevents incrustation of steam boilers, 
hot-water pipes, and heating coils. 

19. Water Softeners. Lime-Soda^Ash Process. — Water may be treated with chemicals to 
remove its hardness, or it may be passed through a bed of mineral under pressure. 

Temporary or carbonate hardness may be removed by the use of hme (calcium oxide), 
and permanent or sulphate hardness may be removed by the addition of sodium carbonate. 
The entire hardness of any water cannot be removed by the lime-soda-ash process, but it can 
be reduced to a point where it is not objectionable. 

The process can be operated on the continuous-flow method or on the fill-and-draw method. 
In any installation there should be some method of accurately measuring the chemicals as they 
are fed into a given quantity or rate of flow of water, as, for instance, a weighing device, or a 
dry chemical feeder. The water and chemicals should then be mixed gently for 20 to 30 min. 
and then settled for 4 to 7 hours before filtering through sand. 

The American Railway Engineers and Maintenance of Way Association estimate as follows the amount 
of chemicals required to remove 1 lb. of incrustating matter: 

Incrustating substance held in solution Quantity of reagent (pure) 

Calcium carbonate 0.56 lb. lime 

Calcium sulphate 0 . 78 lb. soda ash 

Calcium chloride 0.96 lb. soda ash 

Calcium nitrate 0.65 lb. soda ash 

Magnesium carbonate 1 . 33 lb. of lime 

Magnesium sulphate 0.47 lb. lime plus 0.88 lb. soda ash 

Magnesium chloride 0.59 lb. lime plus 1.11 lb. soda ash 

Magnesium nitrate 0.38 lb. lime plus 0.72 lb. soda ash 

Pressure Water Softeners — Zeolite Ty'pe. — Water which has been freed from suspended and 
organic matter, iron, and other interfering elements, or water which contains only small quan- 
tities of these elements, can be softened by passing it through a bed of natural or artificial zeoHte 
20 to 40 in. thick. The apparatus is similar to a pressure filter (see Fig. 1). When the softener 
has passed a stated quantity of water, depending on its hardness, it has to be shut down, drained 
out, and filled with a 10 % brine solution- The period of contact is usually 12 to 16 hr., idepend- 
ing on local conditions. The amount of salt required to regenerate the zeolite, according to 
some authorities, is 3 to 6 lb. per 1000 gal. of water for each 100 parts per million of equivalent 
calcium carbonate. This process is the only one known that reduces the hardness to zero 
when properly cared for. The method, however, is not suitable for boiler water, as it leaves 
the equivalent of sodium carbonate which will cause foaming. 

Some of the advantages of the zeolite process are: 

1. It is the only practical process by which water of a zero hardness can be produced on a large scale. 

2. Only one chemical is needed (common salt). 

3. Variations in the hardness of the raw water are automatically taken care of. 

4. There is no sludge to be removed. 

Disadvantages : 

1. Cost of operation is higher than with lime and soda ash. 

2. Water to be softened must be perfectly clear, for if it contains tiirbidity, the pores of the zeolite become 
clogged. 

3. The zeolite softened water contains residual sodium bicarbonate and if used in boilers may cause trouble by 
foaming. 
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Table 5. — Typical Zeolite Water Softeners — Vertical Pressure Types 






10-hour capacity* 

Diameter, inches 

Height, inches 

Floor space, 
feet X feet 

Weight complete, 
pounds 

based on water of 
lO-gr. hardness. 





gallons 

12 

60 

2X2 

750 

775 

24 

65 

3X3 

2,500 

3,560 

.36 

75 

3X5 

3,800 

8,000 

48 

80 

4X7 

9,000 

14,000 

60 

82 

5X7 

15,000 

23,000 

72 

86 

6X9 

20,000 

32,000 

84 

90 

7 X 10 

26,500 

43,750 

Table 6. — Typical Zeolite Water Softeners — 

Horizontal Pressure Types 





10-hour capacity* 

Diameter, inches * 

Length, feet 

Floor space, 
feet X feet 

Weight complete, 
pounds 

based on water of 
lO-gr, hardness, 





gallons 

96 

12 

8 X 17 

60,000 

108,000 

96 

14 

8 X 19 

80,000 

127,000 

96 

16 

8 X 21 

100,000 

145,0000 


* On water of other hardness, capacity is inversely proportional to total hardness in grains per TJ. S. gallon. 
The salt consumption is approximately ^4 lb. per 1000 gal. per grain hardness. 


Lime-Zeolite Softening Process . — Where an extremely hard water containing much non- 
carbonate hardness is to be softened, it is of advantage, in point of cost of operation, to combine 
these two processes into the lime-aeolite process. 

The water is first treated with sufficient lime to remove all but about 50 p. p. m. of the 
carbonate hardness and the magnesium salts; then it is passed through a bed of zeolite either 
by gravity or by pressure. 

By this method, a water of any degree of softness from zero up can be produced. This is 
accomplished by passing only a portion of it through the zeolite filters and the balance through 
a sand filter and then mixing the two portions. 

20. Interpretation of Bacterial Count. — The fact that a water may contain a large number 
of bacteria means little unless some knowledge is had of their kind and characteristics. There 
are numerous varieties of water forms which are perfectly harmless if taken into the system. 
On the other hand, a very small number of typical sewage bacteria found in a majority of sam- 
ples, especially in 1-c.c. samples, should be looked upon with suspicion. Colon bacillus appear- 
ing in a few samples of 10 c.c. with no other characteristics of pollution should not be taken 
as indicative of an \insafe water. Water that is grossly polluted will usually show large numbers 
of bacteria growing on both gelatine and agar together with liquifiers, gas producers, and the 
presence of colon bacillus in 1-c.c. and 10-c.c. samples. Waters that are occasionally polluted 
will show some or all of these evidences a majority of the time. Therefore, the purity of a 
given water should not be determined upon a single analysis when that analysis reveals the 
fact that there is a possibility of contamination. 

21. Disinfection and Sterilization. — A water supply is sometimes found where there is 
no objectionable organic matter present, but which may be subject to contact with pathogenic 
bacteria. In such cases no treatment such as filtration is necessary, but it is advisable to treat 
the water with a germicidal agent such as calcium, sodium hypochlorite, or liquid chlorine. 
These oxidizing agents may be applied in amounts varying from 0.2 to 0.3 parts per 1,000,000 of 
available chlorine without detriment to the water. 
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Where a water is pumped from a source, such as above described, direct to a distribution system, it is cus- 
tomary to apply the dose in the suction pipe, the rate of application being controlled by the rate of pumping. 


WATER CONSUMPTION 

22. In General. — The quantity of water required for any use varies greatly, especially so 
in residences, where leakage, waste, quality, and temperature are influencing factors. Con- 
sumption in cities and villages is usually reckoned on the “per capita” basis and includes all 
uses, such as domestic, fire, sprinkling, manufacturing, and municipal In 111 cities with a 
population of 25,000 or over, the consumption was as follows: maximum 324, average 105, 
minimum 31 gal. per capita per day. In 76 cities with less than 25,000 population, the con- 
sumption was: maximum 149, average 61, minimum 10 gal. per capita per day. Per capita 
rate in cities usually lies between 60 and 270 gal. per day with an average use of about 100 gaL 
per day. 

23. Residences. — The quantity of water used in residences must necessarily be less than 
the above averages as it includes only household use, lawn and garden sprinkling. The mini- 
mum and maximum consumption in a residence is 42 and 151 % of the average, respectively. 
Minimum usually occurs from 3 to 4 A.M., average between 7 and 9 P.M., and maximum from 
9 to 10 A.M. This will vary according to the number of fixtures, leakage, careless use, etc., 
but with all of the xmcertainties, the average residence consumption will be from 15 to 50 gal. 
per capita per day. 

From the experience of the army cantonments in this country, it was learned that 30 gal, per capita per day is 
sufficient for all domestic needs, inclusive of sewer flushing, but exclusive of lawn sprinkling and water allowed to 
run to prevent freezing. 

24. Factories and Industries. — The consumption will vary greatly with the nature of the 
work involved, with the availability of the supply, and with the number and character of the 
plumbing fixtures in use. No hard and fast rule can be laid down for this class of consumption. 
In Table 7 are shown some data that will give a rough notion of the consumption that might be 
expected. 


Table 7. — Consumption of Water bt Factories and Industries 
(Based largely on meter reading) 


Character of plant 

Min. 

Max. 

^ Average 

Average eight factories, engines, machines, and supplies 




per employee per day 

24 

78 

57 

Ordinance plants per employee per day 

12 

33 

24 

Gasoline engines per employee per day 

57 



60 ton sulphite pulp mill per ton 




Acid making 



2,625 

Cooling gases 



5,664 

Washing blow pits 



4,220 

Pumping out blow pits 



34,496 




63,184 

Shipped away with pulp 



500 




1,200 


40,000 

150,000 

: 111,889 

Tanning hides per hide 

17 

60 

33 

Coal mine waters per ton coal I 

1,200 

2,400 



104 

136 

125 

Textile trades: i 




Bleaching per lb. of cloth 

15 



Bleaching per lb. cotton waste 

24 



Wool washing per lb 

1 

2.24 


Yarn scouring per 100 lb 

26 



Woolen pieces per yd 

8.33 



Mixing concrete per cubic yard. 

50 

150 
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26. Apartment Houses. — The consumption in apartment hoxises is not greatly different 
from what we would expect to find in residences, except that there is a comparatively small 
amount of laundry work done, and usually no lawn or garden sprinkling. The meter readings 
of nine of these apartment houses give an average of 50 gal. for this type of consumption, with 
a minimum of 35.4 and maximum of 75 gal. per capita per day. The meter readings of 13 apart- 
ments, some having special uses, give a minimum of 35.7 gal., an average of 74.4 gal., and a 
maximum of 181 gal. per capita per day. 

The size of the apartment building, 2 .e., number of separate apartments, does not influence the per capita 
rate. In large cities the consumption appears to be greater than in small cities. Municipally owned plants witii 
low rates tend to promote lavish use and waste of water as compared with privately owned plants. Where water 
is used for special purposes, such as pumping air for thermostat operation, water for cooling, and for ice machines, 
the consumption may run from 75 to 180 gal. per capita per day. In Boston, Dexter Brockett found that the 
average consumption of 339 apartment houses was 35.6 gal. per capita per day and that the best class used 59 gal., 
first class, 46 gal., moderate class, 32 gal., and the poorest class, 16.6 gal. per capita per day. 

26. Schools.— The average consumption (meter readings for 6 mo.) of 15 schools was 22 
gal. per capita per day, the minimum of 12 public schools was 8.5 gal., and maximum, 45 gal. 
per capita per day. Three parochial schools gave a minimum of 4 gal. and a maximum of 
24 gal. per capita per day. The number of pupils in a building did not seem to influence the 
rate of consumption. 

Schools where domestic science was taught and shower baths used, show a minimum of 13 gal., a maximum 
of 45 gal, with an average of 30 gal. per capita per day, whereas in schools where neither domestic science was 
taught nor shower baths used, the minimum was 8.5 gal., maximum 39 gal., with an average of 19 gal. per capita 
per day. 


27. Milk Condenseries. — Condenseries use from 2 to 3 gal. of water per lb. of milk with a 
possible average of 2.65 gal. per lb. of milk. 

28. Institutions. — Institutions, especially those of state or public ownership, are lavish 
users of water, as a rule. The average water consumption for 37 institutions was 104 gal. per 

capita per day, 20 gal. minimum, and a max- 
imum of 310 gal. Of this number of institu- 
tions, a Y.W.C.A. camp, a children's home, 
and a university were the minimum users of 
water, with a consumption of 20 to 25 gal., 
whereas a state hospital used the greatest 
amount — viz,, 310 gal. per capita per day. 

The minimum consumption for 15 state hoap’itals 
and asylums was 50 gal. per capita per day, a max- 
imum of 310 gal., with an average of 63.55 gal. 

29. Variations in Rates of Consump- 
tion. — The consumption of water varies with 
the seasons, temperature, day of the week, 
and hour of the day. Seasonal fluctuations 
vary from a minimum of 75 % to a maximum 
of 125 % of the yearly average. Effect of tem- 
perature is shown by a record from Detroit, Mich., on an extremely cold day when the consump- 
tion for the entire day was 150 % and over, of the yearly average. This excess was waste and 
was done to prevent freezing. On an extremely hot day in the same city, the consumption 
went up to 175 % of the average. Simday consumption was found to be from 50 to 85 % of 
the daily average. Fig. 2 illustrates the hourly variation in consumption in per cent, of the 
average daily rate for several classes of consumption. The curves represent average conditions 
in American cities. 



0 . M. Saville, Superintendent of Waterworks, Hartford, Conn., measured the maximum rate of consumption 
of a number of consumers of different classes, a partial list of which is given in Table 8. It will be noted that the 
maximum consumption of a tenement house occupied by 110 people, an apartment occupied by 40 people, and a 
family of 6 people is nearly equal in amount. However, the duration of these maximuma was much greater for the 
larger users, being 3 min. for the residence and 70 min. for the apartment house. 
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Table 8. — Maximum Obsebved Rates of Consumption in Hartford, Conn. 


(Joum. N. E. W. W. Ass^n. Dec., 1918) 


Character of service 

Number of 
fixtures 

Maximum 
observed rate, 
(gal. per min.) 

Size of meter 
needed 
(inches) 

1. 56 rooms, 150 people. 

94 

52 5 

IM 

2. Market 


150 0 

2 

3. School, 460 pupils 

94 

150.0 

2 

4. Bank 

1* 

135.0 

2 

5. Hotel 

202 

135.0 


6. Hotel elevator 

1* 

225.0 

3 

7. School, 10 room, 15 teachers, 500 pupils 

56 

45.0 

1 

8. Tenement block, 110 people 

100 

9 0 


9. Industry, 1000 employees, hundreds of customers* 

44 

32 25 

iVz 

10. 60-2 room apartments, 120 people and depart- 




ment store 

135 

93 75 

m 

11. Laundry 

15 

225.0 

3 

12. Residence, 6 people 

15 

10.0 


13. Apartment, 12 suites, 40 people 

! 55t 

9 6 

1 


♦ Elevator lift. 1 Estimate. 


30. Meters. — A meter should be selected for a given service so that the ordinary rate 
of flow of water will be approximately the rate at which the accuracy of the meter is a maxi- 
mum. Too often the selection of the size of a meter is governed by the desire to cut down the 
loss of head between the main and the faucet, than it is on the rate of flow in the service pipe. 
Under such conditions, the service rendered does not come within the limits of accurate registry 
of the meter, and as a result the meter greatly underregisters. To meet these conditions, with 
a view to economy as well as efficiency, Saville says it is desirable to consider: 

1. The installation of larger service pipes instead of larger meters. 

2. Proper provision in the house-piping system, to meet the demands of modern plumbing, 'instead of install- 
ing larger meters. A large-sized riser pipe, acting as a house standpipe, where flushometer fixtures are installed, 
might give a better service than could be obtained by use of a larger meter. 

3. The selection of meters properly designed for the particular use to which they are to be put. So far as 
accuracy of registration and durability goes there seems little to influence choice between any of the meters now put 
on the market by the half-dozen or more reputable manufacturers of water meters. So far, however, as loss of head 
is concerned, meters of different makes now on the market show considerable variation. 

A meter should be set where it will not freeze and preferably should have a breakable 
bottom. Its location should also be chosen with a view to making it accessible for reading and 
removing for testing. 


Table 9. — Rates op Use op Water by Plumbing Fixtures 

(Adapted from C. M. Saville, Hartford, Conn.) 


1 . 

2 . 


Flushometer closets. Fixtures 

Operating singly 

Three operating in quick succession 


Rate of use (gal. per min.) 
33.75 
75.0 


Shower baths. 

10 continuously 

5 continuously _ • * 

10 continuously and four flushometer closets operated in quick succession. 


45 0 

30.0 

90.0 


3. Urinals. 

22 operated in quick succession by two persons, 

4. Hydraulic lift 

5. Hydraulic lift 

6. 6-inch plunger hydraulic elevator 

7. Washing machine. 

Filling 2 — 150 shirt machines 

Filling 1 large machine 

8. Filter at National Bank 

9. Filter at school, limit of capacity 

Washing filters 


37.5 

135.0 

150.0 

225.0 


225.0 

127.5 

90.0 

172.5 

75.0 
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Table 10. — Sximmart op Data on Ten Makes of Disk Meters 


(Adapted from Saville, Hartford, Conn.) 


Size 

(inches) 

Price 

Weight 

(pounds) 

Length 

(inches) 

Height 

(inches) 

Diameter 

finches) 

Approx, delivery in gallons per minute 
with stated loss of pressure 

5 1b. 

10 lb. 

151b. 

20 lb. 

% 

$ 7.75 

10 


7H 


8.4 

11 8 

14.5 

16 0 

K 

10 20 

13M 

9 

8 

8 

12 6 

17 8 

21 .8 

25 0 

1 

13.75 

20 

lOH 

8>^ 

9H 

25.2 

35 5 

43.6 

50.0 


27 00 

38 

UH i 

12H 

12H 

42.0 

59 .0 

73 .0 

85 0 

2 

45 .60 

58 

16H 1 


im 

63.0 

1 89.0 

109 .0 

130 0 

Guaranteed accuracy — Maximum rate, 9S to 99 % ; medium rate, 9S % ; minimum rate, 90 to 95 %. 



Table 11. — Size of Meter Required 


1 to 6 families 

jj^-in meter 

6 to 12 families 

j 4 -in. meter 

12 to 18 families 

1-in. meter 

18 to 25 families 

IJri-in. meter 


Table 12. — Maxevium Proper Rate of Plow and Lost Head Through Disc Meters, 
TOGETHER WITH THE LeNGTH OP STRAIGHT PiPB WHICH GIVES THE SaME LoST 

Head at this Rate 

(Adapted from C. M. Saville, Hartford, Conn., Tests on Meters) 



Maximum 

Approximate lengths in feet of straight pipe to give same loss 

Size of 
meter 
(inches) 

rate of 
flow 

(gal. per 

Diameter of pipe (inches) 










min.) 


1 


2 

3 

4 

6 

S 

H 

16 

50 

165 







H 

25 

20 

70 

600 






1 

50 


20 

160 

450 






85 



60 

170 

1250 




2 

130 



30 

80 

570 

2300 



3 

335 




15 

100 

400 



4 

525 





45 

175 



6 

900 






65 

460 



USEFUL HYDRAULIC DATA 

31. Pressure of Water.— Pressure of water is usually expressed in pounds per square 
inch, p and head or depth of water in feet h. 

p — 0.434/1 (lb. per sq. in.) 

h == 2.304p (head in feet) 

This relationship holds for a static condition whether the pressure or head is created by 
gravity as from a tank, or by direct pressure from a pump or ram. These same quantities 
expressed in pounds per square foot are 


P = 62.6 H 
H « 0.016P 


(lb. per sq. ft.) 
(head in feet) 
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The coefficient of P and H will vary slightly with the temperature, being greater for tem- 
peratures near 39.1 deg. F. and less for those near the boiling point. For all practical com- 
putations it is not necessary to take the variation into consideration. 


Where water is flowing in a pipe line from one source, as from a tank at elevation h above point under considera- 
tion, the pressure at the end of the pipe is expressed as follows: 

p = 0.434A — (A» + A/ + -j- hi) (lb. per sq. in.) 

in which hu = head required to produce velocity of the water, hf = head to overcome friction in the pipe, = 
head lost at entrance, and hi = head available at the end of the pipe, but at the same elevation as point at which p 
is measured. 

32. Flow of Water in Pipes. — Many scientists have derived formulas for the flow of water 
in pipes, from experiments and theoretical considerations. 

Table 13. — Pressure Required to Raise Water to Top Story op Buildings with Top 
OF Tank 40 Ft. Above Roof, Under Operating Conditions; also Sizes of 
Pipe Used Under these Conditions 
(Hazen & Williams' tables used for loss of head) 


Pressure required 
(lb. per sq. in.) 

Number of 
stories 

Elevation in feet 

Size of 
pipe* to 
supply 
all floors 

Number of 
people 
supplied 

Gallons per 

Building 

Top of rank 

Hr. 

Min, 

34 

1 

17 

57 

1 

100 

420 

7 

39 

2 

30 

70 

IH 

200 

840 

14 

43 

3 

43 

83 

IH 

300 

1200 

20 

53 

4 

50 

90 

m 

400 

1500 

25 

54 

5 

63 

103 

2 

500 

1980 

33 

65 

6 

75 

115 

2 

600 

2400 

40 

63 

7 

88 

128 


700 

2700 

45 

70 

8 

100 

140 


800 

3120 

52 

78 

9 

113 

153 

2H 

900 

3600 

60 

78 

10 

125 

165 

3 

1000 

3900 

65 

86 

11 

138 

178 

3 

1100 

4200 

70 

‘93 

12 

150 

190 

.3 

1200 

1 

4500 

75 


Notes on Table 13. — Only one riser pipe is assumed to supply building and the elevation chosen is sufScient to 
give 25 lb. on highest floor from municipal, elevated, or pneumatic tank supply. Friction loss based on 
maximum rate, assumed at twice the average for 24 hr. 20 % of friction loss in pipe and velocity head is added 
to cover loss in elbows and faucets. Where number of people are less or consumption per capita is leas, the smaller 
sizes of pipe can be extended to higher stories. 

* Supply assumed to come from public supply or private in basement or at ground level; velocity for average 
supply 3 to 4 ft. per second. 

If supply is to come from elevated tank on roof, then the largest size of pipe should extend from basement to 
roof. Example. — (a) What size of pipe should be chosen for an 11-story building supplying 1100 people with tank 
on roof? (5) With municipal supply? 

(a) 3 in. for full 11 stones. (6) 3 in. for first 2 stories, 2}4 in. for next 3 stories, 2 in. for next 2 stories, IH in. 
for next 2 stories, 1^4 in. for the next, and 1 in. for the last story. 

Example . — What size of pipe should be used for a 6^tory building supplying 1200 people with 4500 gallons ol 
water? 

In this case the size should be chosen for the supply and not the floor, so a 3-in. should be used. The pressure 
required would be slightly less than 65 lb. 

One of the simplest and most commonly used is the Darcy formula in which 

^ ~ (head lost in feet) 


in which h = loss of head in feet. 

/ — a coefficient approximately “ 0.02. 
I — length of pipe in feet. 
d = diameter of pipe in feet. 




1262 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sed. 2-33 


V = velocity in feet per second, 
g = gravity. 

Q — cubic feet per second. 

Tables have been prepared by Weston, Williams and Hazen, and others, showing the loss 
of head for all standard sizes of pipes and covering a wide range in discharge. 


From th.e above formula the following relationship may be found: 

The loss of head (h) varies directly with the square of the discharge (0)- 
The loss of head (h) varies inversely with the fifth power of the diameter (d) 

The discharge (Q) varies directly with the five halves power of the diameter. 

The discharge varies inversely as the square root of the length (Z) and directly as the square root of the loss of 
head (k). 


33. Head Lost in Elbows, Tees, Valves, Etc, — Besides the head lost in friction in straight 
pipe due to the flow of water, there are other losses, such as occur in elbows, tees, valves, and 
meters. The condition of the surface of the interior of the elbow or tee, its diameter, and radius, 
effect the loss of head to such an extent that no very definite rule can be made as to the amount 
of this form of loss of head in a pipe system. The loss may be expressed in several ways, but 
for convenience it is best to express it in equivalent length of pipe of same size. The following 
extract is from the Engineering NewSj issue of June 10, 1917, p. 38: 


The loss of head m long turn elbows 2>2 to 8 in. in diameter for all flows is about equal to that in 4 ft. of pipe 
of same diameter; for same sizes with short radius, the loss of head is equal to that in 9 ft. of pipe of same diam- 
eter. For tees with long radius, the equivalent is 9 ft. and with short radius 17 ft. Loss of head in ^-in. bends is 
about equal to 5 ft. of pipe. 


Table 14. — Loss of Head thkough Pipe Elbows 


(Bulletin 1759, University of Texas) 


Diameter of bend m inches 

1-2 


1 


2 


3 

SH 

4 

Equivalent length of straight pipe in feet. Veloc - 
ity 1 ft, per sec 

1.2 

1.7 

2 .2 

3.25 

4.3 

5.35 

6.4 

7 45 

8,6 

2 ft. per second 

1 .3 

1 .9 

2 5 

3.75 

4 9 

6.1 

7.3 

8.5 

9 7 

3 ft. per second 

1 5 

2 1 

2.75 

4.0 

5.3 

6.6 

7.9 

9.2 

10.5 


In Tables 15 and 16 are given all of the available data on the loss of head in wide open 
valves. For data on the loss of head in valves partly open, see Bull. 105, Engr. Exp. Station, 
University of Illinois. 


Table 15. — Loss op Head in Gate Valves 

(Compiled by Charles I- Corp from experiments in the hydraulic laboratory of the 

University of Wisconsin) 


Valves wide open 


Size of valve in inches 

H 

H 

1 

ni 

2 

3 

4 

5 

6 

Equivalent length of straight pipe in feet . 

1.5 

1.75 

2 

2.5 

3 ! 

3.5 

4 

4.5 

5 
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Table 16. — LfOss op Head ix Globe, Axgle, and Check Valves 
(Compiled by Charles I. Corp from various sources, representing practically all published 

data obtainable) * 


Type of valve 

1 

Globe 

Anglo 

Check 

1 in. 

iVi in. 

2 in. 

1 in. 

1 

2 in. 1 in. 

1 

4 in. 

6 in. 

.1 

B 


B 

Equivalent length of straight 1 
pipe in feet 15 

23 

30 J 

10 

11 j 30 

1 

23 

130 

1 

50 1 200 

1 


“A” Pratt and Cady Check Valve. 
“B” Walworth Globe Check Valve. 


34. Ratio of Capacities of Pipes. — It is often desirable to know how many pipes of a given 
size are equal to one pipe of a larger size. Pipe sizes are to each other as the squares of their 
diameters and this relation is often erroneously used for the ratio of capacities. Table 17 gives 
the correct relationship based on carr>dng capacity, as nearly as can be stated for all rates of 
flow. 


Table 17. — Ratio op Pipe Capacities 
(Diameter of Pipe in Inches) 


Dia, 

H 

H 

H 

If 

1 

lU 

IH 

2 

2H 

3 

4 

0 

6 

8 

10 


1 0 

0 .555 

0 357 

0 267 

0.14 

0.007 

0.045 

0 02.6 








H 

1.8 

1 0 

0 557 

0.50 

0.25 

0.125 

0 084 

0.016 

0.025 







H 

2 8 

1.8 

1 .0 

0.56 

0.30 

0.17 

0.103 

0 049 

0.027 

0 .0167 






V4. 

3 8 

2 0 

1.6 

1.0 

0.53 

0.25 

0.20 

0 10 

0 054 

0.033 

0.0154 





1 

7 0 

4,0 

3.4 

1.9 

1.0 

0 50 

0 32 

0 18 

0.10 

0 .0625 

0.029 

0.0164 





15 .0 

8.0 

6.0 

4.0 

2.0 

1 .0 

0.66 

0 CS 

0.21 

0.13 

0.06 

0 033 

0 .0209 




22 .5 

12.0 

10.0 

5 0 

3 1 

1 5 

1.0 

0.57 

0.31 

0.19 

0.09 

0.0509 

0 .0314 



2 

40.0 

21.7 

20.5 

10 0 

5.4 

' 2.7 

1.8 

1 .0 

0.56 

0.34 

0.16 

0 09 

0.056 



2H 


40.0 

37.5 

18 7 

10 0 

4.8 

3.2 

1.8 

1.0 

0.63 

0.29 

0.16 

0.101 



3 



60 0 

i30 0 

16.0 

7.S 

5.2 

2.9 

1.6 

1 1.0 

0.47 

0.26 

0 16 

0.077 


4 




65.0 

134.0 

16.7 

11.0 

6.3 

3 4 

2 1 

1.0 

0.56 

0 34 

0 164 

0.09 

5 





61.0 

30.0 

19.65 

11 3 

6 1 

i 3.9 

il 8 

1.0 

0 62 

0.29 

0.16 

6 



1 . . , 



47.8 

31.8 

17 9 

, 9 9 

6.2 

2 94 

1.6 

1 0 

0.47 

0.25 

S 








.... 


13.2 

6 18 

3.4 

2 1 ! 

1.0 

jO . 55 

10 


.. . 






— 


120.3 i 

L_ i 

9.9 

6.3 

|4.0 

i 


11 0 

1 


Illustrative Problem- — What diameter pipe should be used to supply six 1-in., four ^ii-in., and eight 1^-in 
pipes? 

Reduce all sizes to equivalent 1-in. pipes from Table 14 as follows: 

6 — 1 in. = 6 — 1-in. pipes 
4 — in. — 2 — 1-in. pipes 
8 — in* = 2 — 1-in. pipes 

All = 10 — 1-in. pipes 

1 — 2^ in. = 10 — 1-in. pipes 

That is, ten 1-in. pipes are equivalent to one 21^-in. pipe. Where the total number of equivalent pipes does not 
exactly equal one large pipe, z.e., suppose the above total had been 13 instead of ten 1-in. pipes, we should use a 
3-in. pipe as it is the next larger size that could be used. It is not necessary always to use 1 in, for a common base. 
If 1^-in. pipe had been used, we should have 5 — 1^-in. pipes; 4.8 — 1 J^-in. pipes == 1 — pipe, giving the same 
result. 
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36. Fire Streams. — In Table 18 are given data upon such fire streams as should be used 
from standpipe service within a building. These streams are intended only for first-aid stream 
in non-fireproof building or for small fires in fireproof buildings. For all non-fireproof build- 
ings, equipment should be provided to supply fire streams outside of buildings and from hydrants 
on city or private mains. Data for such streams are given in Table 19. 


T.43LB 18. — Fire Stream Data por Standpipe Service 


Elevation 
above hose 
connection 
in feet 

1 - 4 -in. nozzle, 
lOO ft. of 1-in. hose 

^^-in. nozzle, 

100 ft. of ll-^-in. hose 

^^-in. nozzle, 

100 ft. of 2-in. hose 

^-in. nozzle, 

100 ft. of 2-in. hose 

Height 
of jet 

Gallons 

per 

minute 

Loss of 
head 
in hose 

Height 
of jet 

Gallons 

per 

minute 

Loss of 
head 
in hose 

Height 
of jet 

Gallons 

per 

minute 

Loss of 
head 
in hose 

Height 
of jet 

Gallons 

per 

minute 

Loss of 
head in 
hose 

10 

9.37 

3.6 

2.0 

9.7 

14.5 

3.0 

9.7 

22.7 

2.2 

9.8 

32.8 

4.5 

20 

17 5 

5.1 

3.0 

18.7 

20.6 

5.5 

19.0 

32.2 

4.4 

19.2 

46.2 

9.0 

30 

24.4 

6.4 

5.0 

27.2 

25.2 

7.5 

27.7 

39.4 

■ 6.6 

28.3 

66.8 

12.8 

40 

30.0 

7.3 

7.0 

35.0 

29.6 

11.0 

36.0 

45.5 

8.3 

37.0 

65.5 

16.5 

50 

34 0 

8.1 

7.8 

42.2 

32.5 

12.8 

44.0 

50.9 

10.0 

45.0 

73.3 

19.6 

60 

37.5 

8.9 

9.7 

48.7 

35.6 

15.0 

51.0 

55.7 

*12.0 

52.0 

80 3 

23.8 

70 

39.0 

9.6 

11.0 

55.0 

38.5 

17.0 

58.0 

60.1 

: 13.9 

60.0 

86.8 

25.0 

80 

39 4 

10.3 

12.0 

60.0 

41.2 

19.5 

64 0 

64 3 

' 16.0 

67.0 

92.6 

31.0 

90 

40 0 

10.9 

14.0 

65.0 

43.7 

20.0 

70 0 

6S.3 

17.0 

73.0 

98.4 

34.2 

100 

40.5 

11.6 

16.4 

69.0 

46.1 

24 0 

75.0 

72 0 

19.6 

79 0 

103.7 

38.0 


Table 19. — Fire Stream Data for Hydrant Service 


Pressure in 
pounds at 
nozzle 

nozzle, 100 ft. of 2 }- 2 -in. 
hose 

1-in. nozzle, 100 ft. 

hose 

of 2>^-in. 

l>^-in. nozzle, 100 ft, of 2 >' 2 -in. 
hose 

Height 
of jet 

Gallons 

per 

minute 

Loss of 
head in 
hose 

Height 
of jet 

Gallons 

per 

minute 

Loss of 
head in 
hose 

Height 
of jet 

Gallons 

per 

minute 

Loss of 
head in 
hose 

10 

17 

52 

1 

18 

93 

2 




20 

33 

73 

2 

35 

132 

5 

36 

168 

8 

30 

48 

90 

2 

51 

161 

7 

52 

206 

12 

40 

60 

104 

3 

64 

186 

10 

65 

238 

16 

60 

67 

116 

4 

73 

208 

12 

75 

266 

20 

60 

' 72 

127 

5 

79 

228 

15 

83 

291 

24 

70 

76 

137 

5 

85 

246 

17 

88 

314 

28 

80 ' 

79 

147 

6 

89 

263 

20 

92 

336 

32 

90 

81 

156 

7 

92 

279 

22 

96 

356 

36 

100 

S3 

164' 

8 

96 

295 

25 

99 

376 

40 


36, Sprinkler Systems. — The dry pipe system is one in which water is turned into the main 
pipes that supply the pipes in the building, but an air pressure greater than the water pressure 
is maintained in the distributing pipes. When a sprinkler is open, the air in the pipe system 
immediately begins to escape. The air pressure is thus lowered and water automatically flows 
into the system and escapes through the open sprinklers. The dry system is desirable only in 
places where wet pipes will freeze. The general Underwriter’s requirements for proper instal- 
lation of sprinkler systems call for the use of two independent water supplies, in order to 
secure the minimum rate of insurance, which may be from 30 to 50% reduction on the total 
insurance rates. One of these supplies must be automatic and one should furnish water under 
heavy pressure. The Underwriters accept the following combination: 
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Public Water Works and Duplex Steam Pump. 

Public Water Works and Air Pressure Tanks. 

Elevated Gravity Tank and Duplex Steam Pumps. 

Public Water Works and Elevated Gravity Tank. 

Public Water Works and Rotary Pumps. 

Elevated Gravity Tank and Air Pressure Tank. 

Elevated Gravity Tank and Rotary Pumps. 

A steam pressure of not less tban 50 lb. should be maintained at all times on the pumps, and an automatic 
regulator should be applied to the steam pump so that it will start automatically when a sprinkler is unsealed, 
thereby furnishing the system with a full supply of water. 


Table 20. — Loss of Head in 2^^ -in. Fire Hose 
Hydrant pressure 100 lb. (from. S. A. Charles) 


Length of 
hose 
(feet) 

Pressure at 
nozzle 

(pounds per square inch) 

Loss of pressure 
in hose 

(pounds per square inch) 

Discharge gallons 
per minute 

50 

S7 0 

13 0 

274 

100 

80 0 

20 0 

262 

200 

69 2 

30 8 

243 

300 

61 2 

38 8 

231 

400 

55 7 

44 3 

218 

500 

50 0 

50 0 

208 

600 

45 5 

54.5 

198 

700 

41 .5 

58.5 

189 

800 

38.1 

61.9 

180 

900 

34.8 

65 2 

173 

1000 

30.0 

70 0 

161 

1500 

22.4 

77 6 

138 


Number of Automatic Sprinkler Nozzles, Underwriter' s Rules. — The approximate number 
of sprinkler nozzles for open joist construction is one to every 80 sq. ft. of floor space; for fireproof 
construction, one to 90 to 100 sq. ft. of floor space. Nozzles are usually spaced 8 to 12 ft. 
apart on the pipe line and the lines 10 to 12 ft. apart, depending on the size of the bays made 
by the joists and floor beams. 


Size of Pipes and Number of Nozzles 


Size of pipe (inches) 


1 



2 


3 

3H 

4 

6 

6 

Maximum number of 
sprinklers 

1 

1 i 

2 

3 

5 

10 

i i 

20 

i 

36 

55 

1 

1 1 

140 

200 


Pressure. — The supply should give not less than 25 lb. static pressure at the highest line 
of sprinklers and 10 lb. dynamic pressure when the section is liable to be open at one time. 

Tanks, Gravity. — Capacity, 30,000 gal., 75 ft. from yard level with bottom at least 20 ft. 
above highest sprinkler. 

Tanks, Pressure. — Total capacity 45,000 gal. 


Discharge of Sprinkler Nozzles 
(Average of four records) 


Pounds, pressure 

5 

10 

20 

30 

40 

60 

60 

70 

SO 

90 

100 

Gallons per min- 
ute 

12 

17 5 

1 

25 

30.5 

35.5 

40 

44 

48 

1 

51.5 

54.7 

58 













The Grinnell metal disc sprinkler discharges 10 % less, the Walworth 10 % more, and the 
Esty 20 % more water than the above. The discharge of these sprinklers is about a mean 
between open and J^-in. straight nozzle. 
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37. Standpipe and Hose Systems — Nwnher of Standpipes . — There shall be one large 
standpipe for hose to each accessible floor area not exceeding 150 X 75 ft.; for 

and first aid hose streams, one to each 80 X 40 ft. of accessible floor area. First aid 

hose lines must reach within 5 ft. of all portions of the building, and 23 >'^-in. hose streams within 
10 ft. of all portions of the building. 2J'^-in- hose should have IJ^-in. nozzles; and IJ^-in. 
hose, "to nozzles. 

Tanks . — Gravity tanks should have a capacity of 2500 gal. with bottom 20 ft. above 
roof; pressure tanks same as for sprinkler systems. 


Table 21. — Area, Dimensions, and Contents of Wrought-iron Pipes 


Diameter 

(inches) 

- 

Area 

(square feet) 

Internal area 
(square inchos'i 

External area 
(square inches) 

Internal 

circumf. 

(inches) 

External 
circumf. ' 
(inches) 

Gallons per 
foot of 
length 


0 0021 

0 304 

0 554 

1.957 

2 642 

0 0158 

K 

0 .0037 

0.533 

0.866 

2.589 

3.299 

0 0277 

1 

0.0059 

0 861 

1.358 

3.292 

4.134 

0 .0447 

13'2 

0.0141 

2.036 

2.835 

5.061 

5.970 

0.1058 

2 

0.0233 

3 356 

4.430 

6.494 

7.461 

0.1743 

2H 

0.0332 

4 780 

6.492 

7.754 

9.032 

0 .2483 

3 

0 0513 

7 383 

9.621 

9.636 

10.996 

0 3835 

Ui 

j 0 .0687 

9 887 

12 566 

11.146 

12.566 

0.5136 

4 

0 .0884 

12.730 

15 .904 

12.648 

14 137 

0.6613 

4H 

0.1109 

15.961 

19.635 

14.153 

15.708 

0.S29 

5 

0.13SS 

19.986 

24.301 

15.849 

17.475 

1 038 

6 

0 2005 

28,890 

34 .472 

19 .054 

20.813 

1.500 

7 

0 2691 

38.738 

45.664 

22 063 

23.954 

' 2.012 

8 

0 3479 

50 027 

58.426 

25.076 

27.096 

2.599 

9 

0 .4352 

62 730 

72.760 

'28 277 

30.333 

3.259 

10 

0 5474 

78.823 

90.763 

31 475 

33.772 

4.095 

12 

0 7854 

113 098 

127.677 

37.70 

40.05 

5 875 


Sizes of Standpipes for 23^-in. Hose and 1J^-in. Stream 


Pipe size 

Number of 
floors 

Height of 
building 

Number of 
streams 

4 

4 

55 

4 

. 5 

6 

75 

6 

6 

12 

150 

8 

8 

over 12 



Sizes for 1}^-in. 

AND IJ^-iN. Hose First Aid Streams 

2 

4 

50 

2-50 gallon streams. 


38. Rain Leaders or Down Spouts. — No very definite rules can be laid down for the runotf 
from roofs or the size of rain leaders, for the reason that there are so many modifying conditions 
that cannot be previously judged or estimated. The entrance to the down spout or leader may 
be well designed but at the time of an unusual storm would be clogged with leaves and other 
debris. However, if we assume favorable conditions to exist, and that the head of water main- 
tained by the rain over the inlet to the down spout is used to overcome the resistance at the 
inlet and to produce the velocity in the leader at its starting point, then the relationships between 
intensity of rain, areas of roofs, and sizes of down spouts are given in Table 22. 

This table is prepared on the assumption that the flooding of the inlet of rain leader is H in., and 1 in. for 

small (S), medium (Af), and large {L) roofs, respectively. Intensity of rainfall for a few minutes, as 15, may reach 
3,5 in. in Eastern and Central United States. These values for intensitj” of 2 in, per hour agree well with the 
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following approximate rule: For small roofs, 1 sq. in. in sectional area of the leader for each 150 sq. ft. of roof 
surface; for medium sized roofs, 1 sq. in. in sectional area of the leader for each 200 sq. ft, of roof surface; and for 
large roofs, 1 sq. in. in sectional area of the leader for each 250 sq. ft of roof surface. 


Table 22. Size of Kain Leaders for Intensities of Rain and Areas of Roof in 

Square Feet 


Intensity of rain in inches per hour 


Size of rain 










Relative size 

leader 










of roof 

(diameter in 

1 in. 

IH in. 

2 in. 

2>2 in. 

3 in. 

33-2 in. 

4 in. 

5 in. 

6 in. 


inches) 










S 

2M 

172S 

1150 

864 

692 

576 

494 

432 

345 

288 

M 

2>2 

1918 

1278 

951 

766 

639 

548 

479 

384 

319 

L 

2>^ 

2407 

1605 

1205 

962 

802 

688 

G20 

482 

401 

S 

3 

2107 

1605 

1205 

962 

802 

6SS 

620 

482 

401 

M 

S 

2SS5 

1925 

1444 

1155 

962 

S24 

722 

577 

481 

L 

3 

3370 

2248 

1685 

1349 

1124 

963 

843 

G74 

562 

S 

4 

3840 

2560 

1920 

1535 

1282 

1098 

900 

7GS 

640 

M 

4 

4800 , 

3200 

2100 

1922 

1600 

1374 

1200 

961 

800 

L 

4 

5770 

3850 

2885 

2310 1 

1925 

1650 

1444 

' 1144 

953 

S 

5 i 

6000 ; 

4000 

3000 

2100 1 

2000 

1715 

1502 

1 1200 

1000 

M 

5 

8115 

5405 

4057 

3245 

2705 

2320 

2030 

! 1624 

1355 

L 

5 

9620 

6420 

4810 

3850 

3210 

2750 

2405 

1925 

1605 

S 

6 

9620 

6420 

4810 

3850 

3210 

2750 

2405 

1925 

1605 

M 

6 

12000 

8000 

6000 

4800 

4000 

3460 

3000 

2400 

2000 

L 

6 

14400 

9600 

7200 

5760 

4800 

4115 

3600 

2880 

2400 


Rainfall which might effect the size of rain leaders or the size of cisterns for roof water are 
best expressed in formulas: 

i = intensity of rain in inches per hour. 
t <=> time in minutes from the beginning of the storm. 

British storms 


Very rare i 
Unusual i 
Numerous storms i ■■ 

Central Europe 

Once a year i = 
Talbot’s curves for U.S.A. 

Eastern states, maximum i 

Ordinary storms i = 


240 

' i 4- 30 
168 

" < + 30 
- 8 ^ 

■ i + 30 

36 

t + 10 
360 

A + 30 
105 
t + 15 


These formulas are typical of the temp>erate zone. The numerator of all of these formulas 
is usually 25 times the maximum 1-day rain in 20 yr. 


PUMPING EQUIPMENT 

39. Hydraulic Rams. — The hydraulic ram is the most efficient pumping engine known, 
because it is both a motor and a pump. It operates on the principle of a water hammer; that 
is, a quantity of water in a pipe called drine pipe is^ allowed to get up a high velocity by flowing 
freely into the atmosphere when suddenly a valve is closed. The energy of the moving water 
is then transformed into pressure, thus driving a portion of it to a higher elevation or against 
a pressure greater than the static pressure on the drive pipe. 
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Referring to Fig, 3, suppose that the valve is open so that the water entering from 
the drive pipe “A’’ can flow out freely. The pressure on the under side of “C’' will gradually 
increase until the valve is forced to its seat. The energy of the moving water equal to 

sec.) 

will force the check valve D” open and thus force some of the water into the air chamber E. 
The recoil or ^^kicks’’ backwards will close “D” and open thus completing a cycle. When 
the length and size of the drive pipe^ and adjustment of the valves and ^ D are proper 
for the given conditions, the machine will work on indefinitely without any attention. The 
only cost of operation is the possible replacement of these valves once a year. 

Conditions favorable for the installation of a ram are: a supply of water from a spring, 
stream, or artesian well, greater than 3 gal. per minute; a fall or difference of elevation of 3 ft. 



30 for high heads. 

The amount {q) of water raised in gallons per minute is given by the following formula: 

q = (gal. per min.) 

ri 

in which Q — gallons per minute available from source of supply. 
q = gallons per minute raised to elevation h. 

H = fall in feet from source of supply to ram. 
h — elevation in feet above ram to which water is raised. 

E = efficiency of ram (about 66% %). 

Rams are made single and double acting; single acting raise a part of the water that is 
used for power, but double acting can use, for instance, a muddy water of a stream for power, 
and a clear water from an artesian well or spring for the delivered water. 

To determine the proper size of ram to use, measure the supply (Q) of water available for power purposes in 
gallons per minute. Measure the head (H) available for power, which is the distance in feet from the surface of the 
water in supply to level of waste valve at ram site. The discharge head (h) should also be measured as accurately 
as possible by level or surveying instrument. To this head should be added the friction head and velocity head, 
where the quantities of water are large. The size of the drive pipe for small rams shoxild be such that the average 
velocity of the power water will be about 1.5 ft. per sec. 

There are many makes of the smaller rams that can be secured from any large jobbing house. There are two 
companies at least that make large rams; these are the Rife Hydraulic Mfg. Co., and the Niagara Hydraulic Engine 
Co. 

To use Table 23, select number of ram corresponding to the flow of the stream or well, provide drive and dis- 
charge pipes of diameter given opposite this number. 

The length of the drive pipe for No. 1 to No. 4 inch should be 60 ft. or more; for sizes No. 6 to No. 48 the 
length will depend upon the ratio of power/head to discharge head and should be estimated for each installation. 
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No. of 

ram 

Diameter 
of drive 
pipe 
rinches) 

Flow of spring, 
stream, or 
artesian well 
(gallons per 
minute) 

Fall of 
power 
water in 
feet 

Diameter of 
discharge 
pipe 
(inches) 

Will ele- 
vate for 
each foot 
of fall 

Limit of 
discharge, 
elevation in 
feet 

Weight 

Price 


Single 

Double 

Min. 

Max. 

00 


K to 2 

3 

40 


30 

300 

35 

$ 20 

S. .. 

0 


2 to 4 

3 

40 


35 

400 

50 

28 


1 

1 

5 to 11 

3 

40 

H 

35 

400 

190 

45 

60 

m 

IM 

8 to 18 

3 

40 

1 

35 

400 

292 

55 

70 

2 

2 

10 to 25 1 

2 

40 

1 i 

35 

400 

400 

60 

80 

3 

3 

20 to 40 

2 

40 

m 1 

35 

400 

500 

75 

90 

4 

4 

35 to 75 

IM 

40 

2 

30 

300 

779 

145 

465 

6 

6 

100 to 200 


30 

5 3 

35 

300 

1,600 

400 

926 

12 

1 12 

400 to 900 


50 

6 

35 

800 

6,000 

1200 

1350 

18 

18 

1,000 to 1,800 

IH 

50 

9 

35 

800 

9,000 

1800 

1950 

24 

24 

1,600 to 3,600 

m 

50 

12 

35 

800 

12,000 

2660 

2775 

36 

36 

3,500 to 9,000 

IH 

40 

18 

35 

500 

14,050 

3480 

3685 

48 

48 

9,000 to 15,000 


40 

24 

35 

500 

16,000 

4350 

4475 


40. Deep Well Plunger Pumps. — Deep well plunger pumps are generally used where a 
relatively small quantity of water is desired, or where the size and depth of the well will not 
permit the use of other types of pumps. They are usually single acting, raise water on up 


Table 24. — General Data Paul Type Deep-well Pumps 


Cata- 

logue 

num- 

ber 

Stroke, 

inches 

Up 

strokes 

per 

minute 

Horse- 

power 

Well cylinder 

Capac- 

ity, 

gallons 

per 

hour 

Size 

drop 

pipe, 

inches 

Small 

esti- 

mate 

well 

casing, 

inches 

Pump rod 

Dis- 

charge 

pipe, 

inches 

Maxi- 

mum 

total 

head, 

feet 

Depth 

to 

water 
at 50 
lb. dis- 
charge 

Arte- 

sian 

Flush 

capac- 

ity 

Octa- 

gon 

ash 

Round 

steel 

51-F 

6 

44 

H 

IH 


■ 164 

2 

3 

m 



340 

260 

51-ir 

6 

44 




273 

2H 

4 

m 


1 

210 

130 

51-H 

6 

44 

H 

2H 


407 

3 

4 

m 


IH 

140 

60 

53-H 

8 

44 

1 

IH 


220 

2 

3 



H 

360 

280 

53- H 

8 

44 

1 

2K 


363 


4 

IH 


1 

220 

140 

53-H 

8 

44 

1 

2H 


543 

3 

4 



IH 

150 

70 

54-H 

10 

40 

2 

2H 


413 

2M 

4 

IH 


1 

450 

370 

54-ir 

10 

40 

2 

2H 


616 

3 

4 

\ iH 


1 IH 

300 

220 

54-H 

10 

40 

2 



862 

3K 


IH 


IM 

220 

140 

54-H 

10 

40 

2 



1147 

4 

6 

1 IH 


2 

170 

90 

64-H 

10 

40 

2 

. . . 


862 

2H 

4 


H 

IM 

190 

100 

54^H 

10 

40 

2 


3H 

1000 

2H 

4 


H 

IM 

170 

80 

56-H 

12 

40 

3 


3 1 

883 

2 



H 

IH 

310 

180 

56-H 

12 

40 

3 


SK 

1033 

2H 

4 


H 

IM 

260 

150 

56-H 

12 

40 

3 


sy. 

1375 

3 

4M 


H 

2 

200 

110 

56-H 

12 

40 

3 


4K 

1770 

3H 

5 


H 

2 

150 

90 


Note. — “Maximum total head” means the total distance in feet from lowest water level to highest point of 
discharge. If the pump will discharge into a pneumatic tank» the maximum total head will be the distance in feet 
from the lowest water level to the pump added to the maximum discharge pressure at the pump converted into feet. 
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stroke so far as cylinder is concerned, but where lift is above discharge head of pump, some makes 
have a differential plunger which delivers half of the wmter raised by the cylinder on the down 
stroke. Other makes are double acting with two or more lifting rods, or one large one that 
raises water on the down stroke. Complicated deep well pumps should be avoided where 
possible. 

For heavy duty, the “ A” frame type of head is best. These pumps may be operated by belt or by gears from 
motor, or the cylmder rod may be operated by a direct acting steam head, which is very uneconomical in the use of 
steam and gives very poor service. Table 24 gives a fair notion of the trade sizes of small deep well pumps and what 
they will do. 

41. Rotary or Impeller Pumps. — The rotary pump consists of a series of impellers (helixes) 
on a shaft placed in the well, extending from a point below the water to the surface of the 


Table 25. — Trade Data on Deep-well Impeller and Turbine Pumps* 


Size of 

U. S. gallon per minute 

Speed, 

Water 

horsepower t 

Turbine pumps, capacities 
g.p.m. 

Maximum 

number of 
pump 

Minimum 

Maximum 

normal 

r.p.m. 

per luu It. 
of lift for 
maximum 
capacity 

Minimum 

Maximum 

lift. 

feet 

6 

100 

300 

1,750 

7H 




8 

200 

600 

1 1,750 

15 




10 

450 

1,200 

1 1,445 

30 

75 

100 

75 

12 

800 

2,000 

1,445 

50 

250 

350 

126 

14 

1,200 

3,000 

1,150 

75 

1 400 

600 

175 

16 

1,S00 

4,000 

1 1,150 

100 

i 700 

1,000 

225 

18 

3,000 

6,000 

865 

1 150 

1,100 

1,400 

250 

20 





1,500 

2,000 

1 275 

24 

1 


1 ' ’ ' I 

1 


2,000 

2,500 

; 300 


* Capacities are approximate only, 
t Maximum lift 150 ft. 


ground. Rotary pumps are used where the water is delivered at the surface of the ground, 
as for irrigation, or into a surface reservoir. They are best operated by a vertical shaft motor or 
a cross belt from other motive pow’er. They are particularly adapted 
to use where large quantities of water are desired from relatively small 
and shallow wells where an air lift or turbine pump could not be used. 
There is at least one very serious objection to their use as well as to 
other deep well pumps of a rotary type, and that is that all of the 
moving parts are below ground where it is difficult to get at them for 
renewal or repair. 

42. Air Lift Pumps. — The air lift pump is dependent for its 
operation on the principle that an emulsion of air and water has less 
specific gravity than water alone. The column of water outside the 
pump is balanced against the column of air and water within the pump 
in the form of an emulsion. To bring these conditions about, the 
pump, while in operation, must extend into the water a sufficient 
distance to produce the proper mixture. The water is raised from the 
well due to the energy stored in the compressed air and by its ability 
to absorb heat from the water. The idea that the operation of the air 
lift pump is based on the ejector principle, is erroneous There are 
certain terms used in air lift pumping which will be defined here 
(see Fig. 4). 

Static lift — Distance in feet from level of water in well to surface of groxind “ lu. 
Pumping lift — Distance in feet^ from level of water, when pumping, to surface 
Fig, 4. of ground = hp. 
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Static submergence Distance from surface of water to air inlet on pump before pumping starts = Ss. 
Pumping submergence Distance from surface of water to air inlet on pump during puming ^ Sp. Usually 
expressed as percentage of the total length of the pump and should vary slightly with the hft 

Drop or lowering Distance water recedes in well due to pumping and caused by friction in the well itself “ 
difference between static lift and pumping lift. 

Elevation — Distance w’ater is raised above ground = E. 

Total lift — H = hp -{■ E = h' -{■ (Sp — Ss) + E. (Head in feet) 

Air pipe — Pipe leading compressed air from surface of ground to air inlet of pump. 

Eduction pipe — The pipe or well casing discharging the emulsion of air and water. 

Foot piece,-^A. casting with orifice, nozzle, or tube in w'hich the air and water are mixed. 

Air Pump Design . — There are so many factors entering into the operation of the air lift 
pump that no hard and fast rules can at this time be laid down for its design, or for its selection 
for a given set of conditions (see University of Wisconsin Bulletin No. 1265, '"Air Lift Pumps, ’’ 
by Ward). 


Table 26. — Trade Information on Air Lift PuMPb 


Size and Capacities of Indiana Air Pumps 


Size of pump 
and discharge 
(inches) 

Minimum size 
of casing 
(inches) 

Minimum size 
of air line 
(inches) 

Maximum capacity in gal- 
lons per minute 65 to 

70% submergence 

1 

2H 


5- 10 

m 

3 

H 

10- 20 

m 

3H 


20- 30 

2 

4 

y2 

50- 67 


4« 


65- 85 

3 

5H 


120- 165 


6 


160- 275 

4 { 

m 

1 

225- 325 


7H 

1 

275- 400 

5 * 

8 

1 

350- 600 

6 

m 

IH \ 

550-10.00 

7 

lO^i 

m 

750-1200 

8 

im 

m 

1000-1500 

9 

13 

2 

1250-2000 

10 

14 

2 

1600-2600 

1 


Table 27. — Size and Capacity op Sullivan Air Lifts 


Size discharge 
(inches) 

Approximate capacity 
(gallons per mimite) 

Diameter well head 
(inches) 

Approximate shipping 
weight (pounds) 

1 

5 

4 

65 

m 

10 

4 

75 

i>^ 

20 

4 

85 

2 

50 

6 

125 


75 

6 

135 

3 

100- 150 

6 

150 

BH 

150- 200 

8 

175 

4 

200- 300 

8 

185 


300- 350 

8 

200 

5 

350- 500 

10 

250 

6 1 

500- 800 

10 

300 

7 ! 

800-1500 

12 

350 






Table 28. — Cubic Feet op Free Air per Minute that will Flow Through Pipes with a Velocity of 50 Feet per Second 
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Trade catalogs give the following information as to proper submergence: 


I 


Ph 

I? 

I 

O 


H 

!? 


100 

86.6 

138.0 
329.9 

645.0 

777.0 
1195.0 

95 

82.9 

132.0 
315.3 

521.0 

743.0 
1142,0 

06 

79.0 

126.0 

301.0 

497.5 

709.5 
1090.1 



85 

75.4 

120.0 

287.0 
474 0 

676.0 
1040.0 

80 

71.5 

114.0 

272.0 

450.0 

642.0 

986.0 

10 

67.8 

108.1 

258.0 
426.5 

608.0 
935.0 

70 

53.3 

100.9 

241.0 

398.0 
566.6 

872.0 

0 

60,3 

96.0 

229.0 
379 0 

540.0 

830.0 

09 

56.4 
89 9 

215.0 

355.0 

506.0 

778.0 

55 

52.6 

84.0 

200.6 

331.5 

472.5 
726.4 

60 

48.8 

77.8 
186.4 

307.0 

438.0 

673.0 

10 

45.0 

71.8 

172.0 
283.5 

404.0 

621.0 

40 

41.3 

65.8 

157.6 

260.0 

370.5 

569.0 

35 

37.5 

59.8 

143.2 

236.2 

337.0 

518.0 

0. 

OQ 

33.8 

53.8 
128.9 

212.5 
303.0 

465.5 

25 

30.0 

47.7 

114.4 

188.5 
269.0 

413.5 

20 

26.2 

41.8 

100.2 

165.0 

227.8 

361.5 

15 

22.4 
35.7 

85.5 
141.2 
201.0 
309.5 

0 

<0 CO tH (M 

00 O) W 

T-< (N th eo UD 

r-( iH (M 

Size of 
pipe 
(inches) 

sni -SM nn 

ol\ HS. 

tH tH (N (M CQ 


Feet 

For lifts up to 50 
50 to 100 
100 to 200 
200 to 300 
300 to 400 
400 to 500 


Per cent submergence 
70 to 66 
66 to 55 
55 to 50 
50 to 43 
43 to 40 
40 to 33 


Some commercial authorities state that the area of 
the cross section of the eduction pipe should be 1 sq. in. 
to each 12 to 15 gal. pumped per min. Other authori- 
ties, such as Ivens, state that the inlet velocity of the air 
and water should not be greater than 10 to 12 ft. per sec. 
at the foot piece and 20 to 25 ft. at the point of dis- 
charge. The size of the air pipe can be determined 
roughly by fixing the maximum velocity of the com- 
pressed air at inlet at 50 lin. ft. per sec. (for capacities of 
pipes on this basis see Table 28). 

The quantity of free air (at atmospheric pressure) 
per minute required per gallon of water pumped, is given 
approximately by the following formula: 


+ 34 (cu. ft. air per gal.) 

log - 34 - 


in which Va — cu. ft. of air per min. per gal. of water 
pumped. 

H and Sp are as given above. 

(7 ~ a factor which varies as follows: 


Lift, feet 
10 to 60 
61 to 200 
201 to 500 
501 to 650 
651 to 750 


Value of C 
245 
233 
216 
185 
156 


The value of C for ideal conditions (100% efficiency) 
with no loss of head in friction or velocity is 580, and 
with this value the above formula is theoretically correct 
assuming no losses. However, these are partially cared 
for in the values of C to be applied to a given condition. 

It has been found in practice that for ordinary lifts 
the submergence should be about 60% of the entire length 
of the pump when the pump is in operation. There is no 
limit to the lift so long as the well is deep enough to provide 
the proper submergence, and provided the compressor has 
sufficient strength and power to produce the compressed 
air at the required pressure. 

The pressure required to operate an air lift pump 
depends entirely upon the submergence and upon the 
friction in air pipe, elbows, valves, and foot piece. The 
low efficiency of many air lift pumps is no doubt caused 
by large losses in air pipes, small openings in nozzle at 
foot piece, etc., rather than in the real act of pumping 
the water. 
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Advantages of air lift: 

1. Any number of wells and at any distance apart may be pumped by one power plant. 

2. More water can be secured from the same wells than by any other system. 

3. Sand no obstacle, except as it may erode the pipe or decrease the efficiency 

4. Improvement in the character of the water, due to aeration, as to purity and solubility. 

5. All machinery and moving parts are above ground where they can be looked after. No oiling, no break- 
downs. 

6. Reduction in temperature, due to absorption of the heat in the water by the air. 

7. Sustained efficiency. 

Limitations of system: 

Quantity of water. 

Submergence. 

Vertical not horizontal discharge. 

There are three principal systems in use, defined according to the arrangement of piping: 
the outside air pipe, the central air pipe, and the central discharge pipe system. 

Illustrative Problem. — A well SOO ft. deep, and 8 in. in diameter, will supply 250 gal. per min. when the pump- 
ing head is 65 ft. and the drop 15 ft. It is desired to raise the water 10 ft. above the surface. Here Hp — 75 ft., 
S should be 65 % or 112.5 ft., and total length of pump, 187 5 ft. The starting pressure will be 112.5 X 0.434 = 
48 8 lb. 

From the above equation for Va with C = 233, we have required 0.51 cu. ft. of air per gal. or a total amount 
required of 250 X 0.51 = 127.5, say 130 cu. ft. per min. The volume of this air at 50 lb. pressure is 

50 -T 14.7 

= 29.5 cu. ft. per min. = 0.492 cu. ft. per sec. 

0.492 

Velocity of air in iK-in air pipe = 5^123 ^ reasonable velocity. 

To find the size of the eduction pipe, add 29.5 cu. ft. of air to 38.5 cu. ft. (250 gal.) of water = 68 cu. ft. 

1 333 

per min. «= 1.333 cu. ft. per sec. At a velocity of 10 ft. per sec., the area of pipe will equal = 0.1333 sq. ft. 
= about a 5-in, pipe. 

43. Power Pumps. — There are many types and styles of power pumps on the market, but 
the most satisfactory and efficient type for suction lifts is the single acting triplex pump. These 
pumps are made in almost all diameters and strokes from 1 to 12 in. 

Table 29 is not trade data, but is compiled for the sizes given based on the theoretical displacement of the 
plimgers. In actual practice there would be a slippage of 5 to 8 % which would reduce the discharge by this amount. 
The efficiency of well designed standard makes is not far from 75 %. 


Table 29. — Sizes and Capacities op Single-acting Triplex Power Pumps (Sizes below 
7 X 10 AT 60 R.P.M.; ABOVE This 45 r.p.m,; Gallons per Hour in Body op Table) 

Length of Stroke 


Diameter 

3 



5 

6 

8 

10 

12 

1 

110 

147 







IM 

248 

331 

372 

414 





2 

441 

588 

661 

735 





2>2 


917 

1031 

.1146 

1225 




3 


1322 

1490 

1653 

1984 




3H 



2026 

2250 

2700 




4 


2362 

2648 

2940 

3528 

4704 

5,880 

5,286 

4M 



3347 

3765 

4601 

5950 

7,440 

j 6,700 

5 




4590 

5508 

7344 

9,180 

8,262 

6 





7920 

10,560 


11,899 

7 






14,360 


16,191 

8 






18,760 


21,180 

9 








26,780 

10 







27,580 

33,080 

11 








39,920 

12 








47,620 
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44. Residential Pumping Plants. — The type of plant to select for residences will depend 
largely upon the source of water supply, and if from a well, whether a suction or deep-well 
pump will be required. Where electric current is available, pumps are usually operated by 
motor. A number of manufacturers are not making standard equipments consisting of pump, 
motor, automatic controller, and storage tanks. These plants can be controlled at any desired 
pressure between limits of 15 to 20 lb. apart. WTiere current is not available, gasoline engines, 
wind mills, or hand pumps may be used. A typical pumping plant is shown in Fig. 5. Tables 
30 and 31 give trade data on typical residential pumping plants. 



Rig. 5. 


Table 30. — Trade Data of the Paul Type ‘‘G’’ Motor Driven Pump 


No. of 
pump 

Hp. of 

Capacity 
(gallons 
per hour) 

Maximum 

working 

pressure 

pounds) 

Size of pipes 
(inches) 

Space occupied 
(inches) 

Approx, 
shipping 
weight of 
pump and 
motor 
(pounds) 

Suction 

Discharge 

Length 

Width 

Height 

97-K 

H 

100 

I 50 



27 

w 

23K 

100 

82-G.M. 

y2 

360 

1 50 

1 


46 

15 

26^ 

325 

83-G.M. 

1 

1 720 

50 

m 

1 

5m 

im 

30^ 

465 

84-G.M. 

5 

1440 

50 

2 

IM i 

5m 1 

1 

22^ 

mi 

725 


Table 31. — Trade Data on Pumping Unit, Suction Type, Kewanee Private 

Utilities Co. 


Number 

Piston 

Revolutions per min- 
ute I 

Gallons per minute 

Gallons per hour 

Maximum pressure 
(pounds) 

Hp. of motor 

Suction and discharge 
openings (inches) 

Floor space (inch 

X inch) 

Height (inches) 

Rev. of motor 

Shipping weight 
(pounds) 

Diameter 

(inches) 

stroke 

(inches) 

8-A 

2 

4 

50 

5.4 

324 

75-150 

M 

IKA 

26X30 

39 

1750 

400 

35-A 

23^ 


54 

10.4 

625 

90 

1 


24X45 

45 

1750 

700 

35-D 

m 


54 

16.6 

1000 

90 

2 

m-iH 

24X45 

45 

1750 

700 
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46. Centrifugal or Turbine Pumps. — Centrifugal pumps are made in all si 2 :es, and for pres- 
sures within reasonable limits. Thej?* are also made with impellers to give almost any character- 
istics of discharge and head relationship that might be desired, and are built in one or more 
stages according to the head, speed, and ideas of the designer. They are most efficiently oper- 
ated by electric motor directly connected to the shaft of the pump. The efficiency of these 
pumps varies from 45% for small quantities of discharge to 80% for large quantities of dis- 
charge against high heads. 


Some of the advantages of centrifugal pumps are: low first cost, no loss of energy in transmission of power 
from motor to pump, quiet running, handles muddy or gritty water with less wear than displacement pumps, 
needs little attention, and occupies less space than other types of pumps. 

Some of the disadvantages are: all air must be expelled from the pump when starting, to insure that it will 
pump water; the efficiency for small sizes is less than that of plunger pumps; and they are possibly shorter lived 
than plunger pumps. 


Table 32. — Trade Data on Horizontal Centrifugal Pumps* 


Size of pump, 

Capacity, tJ. S. grams per minute 

Total head. 

Speed, 

Approx. 

inches 

Minimum 

Maximum 

feet 

. r.p.m. 

horsepower 

2 X IK 

30 

150 

220-10 

1,765-3,500 

H-15 

2K X 2 

100 

175 

500-35 

1,765-3,500 

3 -40 

3 X 2K 

100 

300 

500-25 

1,750-3,500 

3 -50 

4 X 3 

150 

450 

I 500-15 

1 1,140-1,750 

1 lK-100 

6 X 4 

350 

650 

500-220 

1,765-1,765 

60 -100 

6 X 6 

600 

1400 

300-10 

850-1,750 

1 3 -100 

8 X 6 

900 

1800 

500-10 

850-1,760 

5 -300 

8 X 8 

1100 j 

2250 

‘ 200-15 

1 850-1,750 

7K~200 


* Adapated from Allis-Chalmers data book. 


46 . Fire Pumps. — Fire pumps may be steam, rotary, centrifugal, or power pumps, and of 
capacities of 500, 750, 1000, and 1500 gal. per min. supplying 2, 3, 4, and 6 fire stre'ams of 250 
gal. each and capable of giving a pressure of 100 lb. per sq. in. Size of pump should be chosen to 
suit the conditions, but before doing so, the local authority of the Underwriter’s should be 
consulted. 

47 . Fire Engines. — Standard fire engines have the same capacities as Underwriter’s pumps, 

500, 750, 1000, and 1500 gal. per min. 

48 . City Water Lifts. — -Where city water is available for power and it is desired to pump 
some other liquid, as cistern water, a ''city water lift” or "water motor ” may be inserted in the 


Table 33- — City Water Lifts 
Cistern water lift in feet 


City 
preastire 
(lb. x)er 
sq. in.) 

60 

65 

70 

75 

80 

85 

90 

95 

100 

Factor 

15 

118 

109 









7,081 

20 

131 

121 

112.5 








7,863 

25 


181 

168 

157 

147 


138.5 

131 

124 

117 

11,773 

30 



203 

188 

176.6 


166 

157 

148 5 

141 

14,110 

35 



235 

220 

206 


194 

183 

' 173.5 

164.7 

16,465 

40 



269 

252 

236 


222 

201 

198.5 

188.7 

18,870 

45 




295 

277 


261 

246 

233 

212.2 

21,216 

50 




313 

294 


276 

261 

247 

234.6 

23,460 

55 





324 


305 

288.5 

273 

269 .26 

26,925 

60 







333 

314. 

298 

283 

28,305 
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main supply line to the fixtures. Whenever any water is drawn by a fixture, a corresponding 
amount of cistern water is raised by the pump. These pumps are made in several sizes, but 
for illustration, one was chosen that would use 240 gal. per hr. of city water. In Table 33 are 
given the number of gallons of cistern water raised per hour to elevations given at the top of the 
table by 240 gal. per hr. under the pressures given in the right-hand column. 

To find the number of gallons raised to any other height, divide factor at right-hand by 
the desired height. Pump efficiency =85%. 


Illustrative Problem. — How many gallons of cistern water will be raised to elevation of 80 ft. by 240 gal. 
of city water under 50 lb. pressure? 

Under column “80 feet/’ Table 33, and opposite “50 lb.,’’ read “294 gal. per hr.” 


49. Horsepower Required to Raise Water. — The actual power required to raise water by 
any pump depends very largely upon the efficiency of the particular type and make of pump 
under consideration. Most triplex power pumps and some makes of centrifugal (turbines 
pumps give an efficiency of 75 to 80%. Single acting deep well pumps and impeller pump) 
give an efficiency of 35 to 60%. A well designed air lift pump should give an efficiency of 30 
to 45%. 


The theoretical horsepower required to raise water (assuming no losses in the pump) is most easily computed by 
the following formula: 

4^ (Horsepower) 

in which Q equals gal. per min. and L equals lift in feet. 

The actual horsepower required may be found by dividing the theoretical horsepower by the percentage of 
efficiency. Where power pumps are driven from a line shaft by belt or gears, an allowance of 5 to 10 % additional 
power should be allowed for loss of transmission. 

60. Windmills. — From Table 34 it will be seen that the only available winds are those 
blowing with a velocity of from 8 to 25 mi. per hr., and that a 15-mile wind can be utilized to 
best advantage. It is, therefore, best to “load’^ a windmill for a 15-mile wind It then starts 
pumping in an 8-mile wind, does excellent work in a 15-mile wind, and reaches the maximum 
results in a 25-mile wind. 


Table 34. — Velocxtt and Action of Winds 


Velocity per hour 
(miles) 

Pressure per 
square foot 
(pounds! 

Description of wind 

Action of wind and 
windmills 

3 

0.045 

Just perceptible 

Windmill will not run. 

5 

0 125 

Pleasant wind 

Might start if lightly loaded. 

8 

0.33 

Fresh breeze 

Will start pumping. 

10 

0.5 

Average wind 

Pumps nicely if properly loaded. 

15 

1.125 

Good working 

Does excellent work. 

20 

2.0 

Strong wind 

Gives best service. 

25 

3.125 

Very strong wind 

Maximum results secured. 

30 

4.5 

Gale 

Should be furled out of wind. 

40 

8.0 

Storm 

/ Well constructed mills and 

50 

12.5 

Severe storm 

\ towers safe if properly erected. 

60 

18.0 

Violent storm 

Buildings, trees etc., might be 
injured. 

80 

32.0 

Hurricane 

Buildings, trees, etc., would be 
injured. 

100 

50.0 

Tornado 

Ruin. 

.. 
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Table 35. Trade Data ox Wixdmills 


O 

o 

U o 

(U ^ 

1 .. 

0) V 

§ ^ 

a 

25-ft. head 

50-ft. head 

75-ft. head 

100-ft. head 

125-ft. 

head 

150-ft. 

head 

200-ft 

head 

<o ^ 

d 03 

Q ^ 

"d S' 

3 OQ 

o 

< ^ 

ft 

fr? 

C 

S 

Gallons 

C 

s 

Gallons 

C 

s 

d 

'3 

O 

C 

S 

Gallons 

C 

s 

Gallons 

0 

S 

Gallons 

C 

S 

Gallons 

8J4 

10 

0.08 

0.12 

35 

35 

CO CO 

4 

8 

300 

790 

3 

4 

7 

150 

440 

m 

5 

270 


5 

180 

2 

5 

150 

2 

4 

120 

m 

4 

90 

12 

0.25 

30 

5K 

8 

1620 

4 

8 

792 

m 

8 

518 


8 

370 


8 

310 

2H 

8 

250 

2 

8 

X95 

14 

0.40 

28 

5 

lOD 

2820 

4 

8D 

1450 

4K 

8 

825 

m 

8 

650 

zy2 

8 

550 

3H 

8 

480 


8 

350 

16 

0.55 

25 

6 

lOD 

3670 

4 

lOD 

1620 

m 

10 

1255 

4K 

8 

825 

4 

8 

660 

3H 

8 

570 


8 

430 

18 

0.75 

22 

8 

8D 

4590 

5 

IID 

2580 


11 

1600 

5^ 

8 

1200 


8 

810 

4M 

8 

660 

3H 

8 

500 

20 

1.00 

20 

8 

12D 

6264 

5 

14D 

2850 

4 

14D 

1825 

oH 

12 

1600 

m 

14 

1280 

4M 

14 

1030 

3H 

14 

850 

22?-^ 

1.10 

18 

8 

14D 

6500 

6 

12D 

3200 

5 

12D 

2200 

5 

lOD 

1800 

m 

12 

1440 

4H 

14 

1150 

4K 

14 

92; 

25 

|1.25 

16 

I 

10 

12D 

7800 

8 

12D 

3810 

6 

! 

12D 

1 

2800 

|5 

14Z> 

2000 

5H 

P 

1610 

i 

5H 

12 

1300 

4^ 

14 

103G 


C - Inside diameter of cylinder. S ~ Length of stroke in inches. 

Gallons = Gallons pumped per hour. D = Double acting pump. 


Table 35 is not designed to show what windmills can do in extremely favorable cases in high winds, but it shows 
what windmills actually do under average conditions when properly loaded. It is based on a wind velocity of 
15 mi. per hr., and shows the number of strokes per minute made by a properly loaded windmill in such a wind, and 
the useful horsepower developed as measured by the work performed in pumping and overcoming the friction in 
pump and pipe. The tendency is to overload windmills, and this should be avoided by all means. A lightly 
loaded windmill pumps more water in a year than one that is overloaded. 

A large capacity cannot be secured by using a large cylinder unless a large windmill is used to operate it. 
Do not make the mistake of using a cylinder larger in diameter than shown in table. 

The amount of water pumped will vary about as the square of the velocity of the wind between reasonable 
limits. 


Table 36.— Suction Lift at Diffekent Altitudes 


Elevation above 
sea level in feet 

Atmospheric pressure 
in feet of water 

Practical limit 
of suction 

0000 

33.9 

25.43 

1000 

32.6 

24.45 

2000 

31.4 

23.55 

3000 

30.2 

22.68 

4000 

29.1 

21.82 

5000 

28.0 

21.02 

6000 1 

27.0 

20.26 

7000 

26.0 

19.50 

8000 

25.0 

18.26 


STORAGE OF WATER 

61. Wooden Tanks. — Wooden tanks cost only about half as much as steel tanks in the 
smaller sizes, and especially so where no tower is required. Some of the advantages of wooden 
tanks over steel tanks are: 

1. Steel tanks require skilled boiler makers to erect, thus adding materially to the cost when at a distance from 
the boiler shop. 

2. Wooden tanks are more readily protected from freezing. 

3. They do not sweat so much in a building as do steel tanks. 

4. They will not deteriorate so rapidly as a steel tank if neglected. 
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Table 37. — Sizes and Capacities of Wooden Tanks foe Fire Protection 
A. F. Mut. F. I. Co. Inspection Dept. 


Approximate 

Size 

(Outside dimensions) 

Thickness of lumber 
after being planed 

Hoops 

Approximate 

net capacity 
(gallons) 

Average 

diameter 

Length of 
stave (feet) 

Staves 

(inches) 

Bottom 

(inches) 

Number 

Size 

(inches) 

price with 
roof 

15,000 

14 ft. 6 in. 

14 

2^4 

2H 


14 


$407.00 

20,000 

15 ft. 6 in. 

16 

2K 



I 5 

H 

H 

500.00 

25,000 

17 ft. 6 in- 

16 

2H 

m 


I 4 

1 12 

H 

Vs 

572,00 

30,000 

18 ft. 0 in. 

18 

2H 

2% 


4 

1 16 

« 

H 

654 . 00 

40.000 

19 ft. 6 in. 

20 

2K 

2% 

i 

CO 

H 

1 

822.00 

50,000 

22 ft 0 in. 

20 

2K 

2K 


r 4 

1 19 

K 

1 

925.00 

60,000 

24 ft. 0 in. 

20 

2H 

2H 


^ 4 

22 

H 

1 


75,000 

24 ft. 6 in. 

24 

2H 

1 


^ 7 

24 

1 

IH 



Table 38. — Trade Data op Small Wooden Storage Tanks 


Lenght 

of 

stave 

(feet) 

Diameter 

of 

bottom 

(feet) 

Number 

of 

hoops 

Capacity 

(gaDons) 

Approximate 
wt. 2-in. pine 
or l>^-in. 
cypress 

List 

price 

2-in. 

pine 

List 

price 

l>^-in. 

cypress 

Approxi- 
imate wt. 
2-in. 
cypress 

List 

price 

2-in. 

cypress 

2 

4 

2 

117 

180 

$12.50 


220 

$16.00 

6 

4 

5 

410, 

460 


30.50 

550 

36.50 

2 

5 

2 

195 

240 

16 20 

17.50 

290 

21.00 

7 

5 

6 

784 

690 

BN 

43.50 

830 

53.00 

2 

6 

2 

292 

290 

BN 

21.50 

350 

26.00 

10 

6 

8 

1710 


62 . 50 


1150 

86.00 

2 

7 

2 

408 



27.50 

432 

32.50 

10 

7 

S 

2335 

■iH 

73.50 

BSB 

1565 

102 . 00 

2 

8 

2 

543 

450 



549 

39.00 

12 

8 

9 

3816 





2040 

136.00 

2 

9 

2 

696 

645 



774 

46.00 

12 

9 

9 

4820 

2125 




2550 

157.00 

2 

10 

2 

870 

750 



900 

54.60 

12 

10 

9 


2465 



2958 

180.00 

2 

12 

2 

1270 


54.00 


1200 

71.00 

14 

12 

12 

10544 




3840 

238.00 


The life of a wooden tank is from 12 to 30 yr. (usually 15) ; cypress tanks often last from 20 
to 25 yr. 

Specifications for Wooden Tanks . — The following are extracts from the Ass’n Pact. Mut. 
Fire Ins. Co.'s Inspection Department Specifications: 

(1) Lumber. — (a) White cedar, cypress, white and red pine, Douglas or Washington fir (Oregon pine), British 
Columbia or redwood must be used. Bumber must be free from rot, sap, loose or unsound knots, worm boles 
and shakes, and must be thoroughly air-dried. 

(2) Staves and Bottom — (a) Planks for staves and bottom must be planed on both sides with the outer surface 
of staves curved to the radius of the tank, 
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(6) The lumber must be in. dressed to about 2}4 in. for tanks not exceeding 
16 ft. diameter or 16 ft. deep, and 3 in. dressed to about 2^ in. for larger tanks. 

(c) Splices must not be made in staves or bottom planks. 

(d) The edges of staves and bottom planks must be machine planed or sawed. 

(3) Hoops. — (a) The hoops must be circular in cross section and not less than 

^ in. in diameter. Not more than two sizes of hoops must be used on a tank. 

(6) Hoops must be of wTought iron or steel without welds or upset ends. The 
VTOught iron must conform in its chemical and physical properties to specifications 
A-40 of the American Society for Testing Materials. 

(c) Hoops must be cut to proper length and bent in the shop to the radius of 
the tank. The sections of a hoop must be of equal length and must be securely 
fastened together for shipment. 

(d) The ends of the hoop sections must be connected by malleable iron lugs 
and their strength must be not less than that of the hoops. The hoops must be so 
located on the tank that the lugs come in uniform spiral lines. 

52. Steel Tanks and Towers. — The design of steel tanks and 
towers has become nearly standard with a number of manufacturers 
who make a specialty of their construction. Any of these firms will 
build them according to an engineer's specifications at an increased cost. 
Tanks with either hemispherical or elliptical bottoms can be had. 

Elevated steel tanks are almost never built with flat bottoms, supported on 
I-beams grillage, as is standard or wooden tanks. The specifications given in Table 
39 are fairly representative of tank practice- The side of the square enclosing the 
base of the legs is equal to 0.71D -f- 0.162 {T + B) (see Fig. 6). The cost of these 
tanks and towers is about 5 to 6c. per lb. of steel erected. 

The riser pipe is enclosed in a frost proof three-ply circular box of wooden staves 
and layers of building paper. 



Fig. 6, 


Table 39. — Sizes and Capacities op Steel Tanks 


Capacity 

(thousand gallons) 

I 

Hemispherical bottom | 

D 

H 

K 

5 

8'-0" 

12'-0" 

16'-0'/ 

10 

10'~0" 


, 19'-0'^ 

15 

12'-0" 

14'-0" 

20'-0'" 

20 

12'-9" 

17'-3" 

23'-7" 

25 

14'-1" 

17'-3" 

24'-3" 

30 

15'-3" 

17'-3" 

24'~10" 

35 

16'-~4" 

17'-3'' 

25'”5" 

40 

17'~4" 

17'-3'' 

25'-ir' 

45 

18'~3" 

17'-3" 

26'-4" 

50 

19'-0" 

17^-6" 

27'-0" 

60 

19'-0'' 

22'-3" 

31'-9" 

65 

2Q'-0'' 

2r-3" 

31'-3" 

70 

21'-0" 

20'-3" 

SO'-Q" 

75 

22'--0" 

1 19'~4" 

30'-4" 

80 

22'^0" 

21^1" 

32'-l" 

90 

22'-0" 

24'-6" 

35^-6" 

100 

22'-0"' 

28^-0" 

39^-0'' 

120 

24'~0" 

28'-0" 

40'-0" 

125 

24'-0" 

29'-0" 

41-0" 

150 

26'--0" 

29'-3'' 

42'-3" 

175 

26'--0'' 

35'~0" 

48'-0" 

. 200 

28'-0" 

35'-0" 

49'-0" 

250 

ZO'-O'' , 

' 37'--0" 

52'-0" 

300 

32'~0" 

40'-0" 

56'-0" 


35'-0'' 

44'-0" 

61'-6" 

500 

38'-0" 

46'-6'' 

1 65^-6" 
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63. Concrete Tanks and Reservoirs. — Reinforced concrete is cheaper for tanks than 
slieet steel and more durable than either steel or wood. It is particularly adapted for reservoirs 
where they are all or partly underground. Concrete is especially adapted in industrial work 
where the tank is to contain liquors and acid solutions. 

Square tanks are most economical of space (as within a building or enclosures), and in 
some cases in use of lumber for forms, but from the standpoint of greatest capacity for least 
concrete, the circular type is the most economical. Square or rectangular reservoirs of large 
size involve high tensile and compressive stresses such as would occur in a retaining wall or 
dam. The circular type is partially self-sustaining so far as external pressures are concerned 
and the stresses that do occur are simpler and more easily calculated. 


One of the greatest difficulties with concrete tanks is to make them water-tight. A rich mixtvire with relatively 
small aggregate and thin enough to flow readily in continuous work makes the best tanks. The interior surface 
of the walls should be waterproofed also by plastering with cement wash or by some waterproof compound or 
fabric. For light pressures, l-l plaster and two coats of cement wash (water and neat cement) will be 

about as effective as any other method of waterproofing. Except for very small tanks of dimensions less than 
15 ft., the side walls should be 10 to 12 in. thick. Where covers are desired or necessary, the flat slab type sup- 
ported on posts is the most economical and readily constructed. 

64. Cisterns. — A cistern for the storage of rainwater, 5 ft. in diameter by 7 ft. deep, 
capacity 1024 gal., will be large enough for a family of 10 people if located in a climate where 
the annual rainfaU is about 30 in. and well distributed. Larger buildings should have cisterns 
of about 100 gal. capacity to each person, which, for convenience, may be divided into two or 
more cisterns. 


Table 40. — Capacities of Tanks or Cisterns in Gallons 


Length or depth 
(feet) 

Diameter (inches) 


18 

24 

SO 

36 

42 

48 

54 

GO 

C6 

72 

2 

26 

47 

73 

105 

144 

188 

238 

294 

356 

424 

2M 

33 

59 

90 

131 

ISO 

235 

298 

367 

445 

530 

3 

40 

71 

109 

157 

216 

282 

357 

440 

534 

636 


47 

83 

127 

183 

252 

329 

416 

513 

623 

742 

4 

54 

95 

145 

209 

288 

376 

475 

586 

712 

848 


61 

107 

163 

235 

324 

423 

534 

659 

801 

954 

5 

68 

119 

180 

261 

360 

470 

593 

732 

890 

1060 

5M 

75 

131 

200 

287 

396 

517 

652 

805 

979 

1166 

6 

82 

143 

217 

313 

432 

564 

711 

878 

1068 

1272 

6M 

89 

155 

235 

339 

468 

611 

770 

951 

1157 

1378 

7 1 

96 

167 

253 

365 

504 

658 

829 

1024 

1246 

1484 

7M 

103 

179 

271 

391 

540 

705 

888 

1097 

1335 

1 1590 

8 1 

110 

191 

289 

417 

576 

752 

947 

1170 

1424 

1696 



203 

307 

443 

612 i 

799 

1006 

1243 

1513. 

1802 

10 


•239 

361 

521 , 

720 

940 

1183 

1462 

1780 

2120 

12 


287 

433 

625 

864 

1128 

1419 ^ 

1754 

2136 

2544 

14 





1008 

1316 

1655 ^ 

2046 

2492 

2968 

16 





1152 

1504 

1891 

2338 

2848 

3392 

18 







2127 

2630 

3204 ! 

3816 

20 


i 

i 





2363 

2922 

3660 

4240 


66. Pneumatic Tanks. — Pneumatic tanks are always made of steel or wrought iron as they 
must be absolutely air tight. Tanks are usually made especially for this purpose, but there is no 
good reason why any tight tank or boiler could not be used for the purpose if sufficiently strong 
to stand the pressure. 
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Table 41. — Trade Data on Pneumatic Tanks 


Diatnet<‘r 

(inches) 

Length 

(feet) 

Thickness 

Approx. 

shipping 

weight 

(pounds) 

Total 

capacity 

(gallons) 

Working 

capacity 

(gallons) 

List price 
black 

Shell 

(inches) 

Convex 

head 

(inches) 

Concave 

head 

(inches) 

24 

: 


}i 

H 

375 

120 

80 

$ 31.00 

24 

10 

He 

U 

H 

645 

235 

156% 

45 (0 

30 

5 

He 


He 

500 

ISO 

120 

37.00 

30 

12 

He 

31 

He 

960 

440 ’ 

293% 

67 00 

36 

5 

He 

34 

H 

653 

265 

176% 

^48 00 

36 

14 

He 

H 

H 

1365 

740 

493% 

87.00 

42 

8 

H 

He i 

He 

1425 

575 

3833^ 

76.00 

42 

16 ’ 

H \ 

He 

He 

2350 

1150 

766% 

135.00 

48 

10 


He 

He 

1900 

1000 

666% 

124.00 

48 

24 

y4. 1 

He 

He 

4000 

2260 

1506% 

227.00 

60 

12 


H 

Vs 

3000 

1760 

11633i 

203.00 

CO 

40 

y4. 

H 

H 

8400 

5875 

3249% 

517.00 

72 

22 

H2 

He 

He 

4140 

2535 

1690 

262.00 

72 

40 


He 

He 

10720 

8460 

5640 

642.00 


Forinulas and lllustratv^e Problems for Pneumatic Tanks . — To find the pressure in a pneu- 
matic tank when supplied with initial air pressure and then filled to any portion with water: 


Pa = 


1.00 ~ F 


(lb. per sq. in.) 


Illustrative Problem. — A tank has been filled with air to an initial air pressure of 10 lb. and is then filled on6> 
fourth with water. What is the air pressure on the tank? Here Pi — 10 lb., F == 0.25, 1.00 — F =* 0.75. 

15 + 10 
0.75 


— 15 = 18.33 lb. per sq. in. = Pd 


Given a tank partly filled with water under pressure to find the remaining pressure wheti 
a giN^en volume of water is drawn: 

1 on _ 77» ro D \ 

(lb. per sq. in ) 


_ 1.00 - P (P 4* Pa) p 

/•* 1 f nx * a 


(1.00 +f -F) 

Illustrative Problem. — A tank is three-fourths filled with water under 45 lb. air pressure. What is the remain 
ing pressure when one-fourth the volume of the tank is drawn? P == 45 lb., P = 0.75, / = 0,25 


(1.00 - 0.75) (45 + 15) 


— 15 = 15 lb. per sq. in. 


/ =■ 


(percent of volume) 


1.00 -h 0.25 - 0.75 

Given a tank partly filled with water under«a given pressure to find the volunae of watei 
that may be drawn for a given drop in pressure. 

Pi (1.00 - F) 

P+Pa-Pi 

Illustrative Problem. — A tank three-fourths filled with water is under a pressure of 45 lb. What percentage 
of water may be drawn for a drop in pressure of 30 lb.? P — 45 lb., Pi = 30 lb. 

, _ 30(1.00 - 0.75) _ 7.5 _ ^ 

^ "i5TT6‘^”W - 3^ ~ 

The above formulas and illustrative problems are general and apply to any tank filled to 
any percent of its volume, whereas the following illustrative problems apply to tanks % full 
of water. 


Illustrative Problem. — A 630-gal. tank^ 36 in. X 12 ft., is H full of water under a pressure of 60 lb. How much 
water can be drawn lowering pressure to 20 lb.? 

Between 60 and 20 lb., Table 42 gives 38 %. Therefore, 0,38 X 630 =* 239 gal. can be drawn. 

Illustrative Problem.-— What size tank must be used to deliver 500 gal. of water from storage when 3^i full, 
under 80 lb. pressure, if lowest water pressure must be 30 lb.? 

Between SO and 30 lb., Table 42 gives 37 %. Tank must therefore be 600 0.37 = 1350 gal. capacity, or 

about 48 in. X 14 ft. 
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Illustrative Problem. — A 720-gal. tank 42-m. X 10 ft. is ^ full of water under a pressure of 50 lb. What is the 
water pressure after 150 gal. have been drawn? 

150 gal. = 21 % of tank capacity. Corresponding to 50 lb. initial pressure and 21 % working capacity, Table 42 
gives final water pressure of 25 lb. 

Note: If tank is only one-half full of water, working capacity is increased 50 %. 

Notation for Formulas for Pneumatic Tanks 
Pa = atmospheric pressure of air in lb. per sq. in., usually taken at 15 lb. 

Pi — initial air pressure in lb. per sq. in. above Pa, put in tank before water enters. 

Pd — desired pressure after tank is filled with air to Pi lb., then partly filled with water. 
P ~ air pressure in tank before water is drawn. 

Table 42. — Woeking Capacity op Pneumatic Tanks in Percentage of Full Volume 
WHEN Two-thirds Full op Water. Between Initial and Final Pressures Indicated 


Final 

pressure, 

Initial pressure — pounds gage 

pounds 











gage 

10 

20 

30 

40 

50 

60 

70 

SO 

90 

100 

5 

8 

25 

41 

58 







10 

0 

13 

26 

40 

53 

66 





15 


5 

16 

28 

39 

50 

61 




20 


0 

9 

19 

29 

38 

48 

57 



25 



6 

12 

21 

29 

37 

46 

54 

62 

30 



0 

7 

15 

22 

30 

37 

44 

52 

35 


1 


3 

10 

17 

23 

30 

37 

43 

40 1 




0 

6 

12 

IS 

24 

30 

36 

45 





3 

8 

14 

19 

25 

30 

50 





0 

5 

10 

15 

20 

25 


Table 43. — Showing Pressure in Pneumatic Tanks when Filled with Vajrious 

Quantities op Water 


Amount of water 
pumped into tank 

Pressure 

(pound per square inch) 
no initial pressure 

Pressure 

(pound per square inch) 
with 10 lb, initial air pressure 

}4 full of water 

5 

18 

^ full of water 

10 

26 

>3 full of water 

15 

84 

full of water 

22 

47 

% full of water 

29 

58 

full of water 

i 45 

1 

83 


Po = air pressure in tank after water is drawn. 

Pi = loss in pressure due to drawing any percent of volume of tank. 

F = portion of volume of tank filled with water. 

f = amount of water drawn from tank in percent of its volume. 

66. Heat Required to Free Tanks from Ice. — It requires from 2^ to 3 heat units per 
square foot of exposed surface per degree difference in temperature per hour to keep an exposed 
steel tank free from ice. 

Illustrative Problem. — What is the total quantity of heat required to free a tank 10 ft. high by 20 ft. in diameter 
for 24 hr. from ice, when the temperature of air is 10 deg. F.? 

Sturface of tank = — h (7r20)C10) « 1256,6 sq. ft. ' 

Heat units == 3(32 -f 10) (24) (1256.6) ==* 3,799,958. At 9000 heat units per pound of coal it would 
require 3,799,968 ^ 9000 = 422.2 lb. of coal. 

It is thus seen that it is not at all economical to attempt to keep large tanks from freezing by heating. It is 
more economical to protect them either by housing, or by circulating, water of a higher temperature than that from a 
well, than it is to let the tank stand full exposed to the cold and attempt to heat it. 
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If the above tank were filled with water each 24 hr. at a temperature of 44 deg. F., the amount of heat energy 
brought to the tank by the water would be equal to 23,500 (gallons) X SH X 12 - 2,350,000 heat units, or slightly 
over H that required to heat the tank if allowed to stand full of w’ater without changing daily. Where the tank is 
supported on an inclosed structure and the top weatherproofed with deck floor and roof, the exposed surface is 
naturally cut down and therefore less heat is required. Elevated steel tanks usually freeze first at the connection 
with the riser pipe. 


PIPES AND FITTINGS 

67. Cast-iron Pipe. — Cast-iron pipe is now manufactured in standard diameters and 
weights, as class “A,” “B,” and “C,” Table 44 These are in accord with the standard specifica- 

Tablb 44. — Dimensions and Weights of Ameeican Waterwobks Standard Cast- 


iron Pipe 


Class ‘‘A” 100-ft head 
43-lb. pressure 


Class 200-ft. head 

86-lb. pressure 

Class “C” 300-ft. head 
130-lb. pressure 

Nominal in- 

Thickness 

(inches) 

Weight per 


Weight per 

Thickness 

(inches) 

Weight per 

side diameter 
(inches) 

Foot 

(pounds) 

Length 

(pounds) 

(inches) 

Foot 

(pounds) 

Length 

(pounds) 

Foot 

(pounds) 

Length 

(pounds) 

4 

0 42 

20.0 

240 

0.45 

21.7 

260 

0.48 

23.3 

280 

6 

0.44 

30.8 

370 

0 48 

33.3 

400 

0 51 

35.8 

430 

8 

0.46 

42.9 

515 

0.51 

47.5 

570 

0.56 

52.1 

625 

10 

0.50 

57.1 

685 

0.57 

63.8 

765 

0.62 

70.8 

850 

12 

0.54 

72.5 

S70 

0.G2 

82.1 

985 

0-68 

91.7 

1100 


tions of the American Waterworks Association, In specifying cast-iron pipe it will only be 
necessary to state size and class desired. 

68. Wrought -iron Pipe. — Wrought-iron pipe, unless otherwise specified, will be ‘‘Mer- 
chant” steel pipe, black. If strictly wrought-iron pipe is desired, specify strictly wrought-iron 
pipe or Buyers” wrought-iron pipe. 

Merchant pipe is much harder to cut or thread and is much shorter lived than strictly wrought-iron pipe. On 
the other hand, the latter is much higher in price and more difficult to obtain. 

The steel pipe is about 2 % heavier than wrought-iron pipe for the same thickness. Both qualities of pipe are 
manufactured in standard and extra heavy weights. 


Table 45. — Dimensions and Weights of Standard Wrought-iron Pipe and Couplings 


Standard wrought-iron pipe 

Couplings 

Size 

Weight per foot 
(pounds) 

Thickness 

(inches) 

Diameter 

Length 

Weight 

H 

0.84 

0.109 

}‘j 


0.124 

1 

1.67 

0.133 

1 

I'Me 

0.455 

IH 

2.68 

0.145 


m 

0.800 

2 

3.61 

0.154 

2 

m 

1.250 

2^ 

5,74 

0.203 



1.757 

3 

7.54 

0.216 

3 


2.625 

m 

9.00 

0.226 


m 

4.000 

4 

10.66 

0.237 

4 


4.125 

m 

12.34 

0.246 

m 

m 

4.875 

5 

14.50 

0.259 

5 

4H 

8.437 

6 

18.76 

0.280 

6 

4H 

10.625 

7 

23.27 

0.301 

7 

4H 

11.270 

8 

28.18 

0.322 

8 


15.150 

9 

33.70 

0.354 

9 

5H 

17.820 

10 

40.06 

0.366 

10 


27.700 

. 
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69. Wood Stave Pipe. — Wood stave pipe is made in two ways — continuous stave pipe 
made in the trench, and machine banded pipe, factory made. Continuous stave pipe is used 
almost exclusively in the Western States where the climatic conditions are suitable and where 


Table 46. — Trade Data on Machine Banded Wood Stave Pipe 


Size of pipe 


6 

8 

10 

12 

14 

16 

18 

20 

24 

30 

36 

48 


Weight per 
linear foot 


•11.5 

14.6 

18.6 

20.8 

25.5 

28.6 

31.7 

36.5 

45.6 
57.3 

76.8 

103.0 


Nxunber of 
feet in 
carload 

Men required 
to lay 
pipe 

Number of 
feet can be 
laid in 10 
hours 

Wood stave 
pipe 

Oast iron 

Comparative cost of laying 
pipe per foot not including 
trenching and back filling 

2600 

G 

2500 

0.01 

0.14 

2100 

G 

2500 

0.02 

0.17 

1700 

0 

2000 

0.03 

0.20 

1500 

6 

2000 

0.03 

0.23 

1200 

6 

2000 

0.04 

0.26 

1000 

6 

1500 

0.04 

0.36 

850 

6 

1500 

0.04 

0.40 

650 

G 

1000 

0.05 

0.50 

500 I 

8 

1000 

0.06 

0.62 

300 ! 

8 

1000 

0.07 

0.75 

200 

8 ; 

800 

0.08 

1.05 

150 

8 

600 

0.10 

1.29 


suitable timber may be had. This pipe in several instances has proven a failure due to soil 
conditions, character of wood, workmanship, etc.; therefore, before it is used, a careful investi- 
gation should be made to determine if it will prove satisfactory. Machine banded wood stave 
pipe is made in lengths up to 12 ft., staves being machined on the sides to correct bevel to suit 
size. The'se staves are also provided with double tongues and grooves, and the outside is 
formed to diameter of pipe. The staves are held in place by galvanized steel bands or wire 
spirally wound from end to end. The outside of the pipe and steel bands are protected by a 
double coat of asphaltum and sawdust. 


Table 47. — Weight per Foot of Lead Service Pipe in Pounds and Ounces 

Extra strong 


Size of Pipe in Inches 





K 

1 

IH 


— 

2 

— 

3 

3H 

4 

2-0 

2-8 

3-0 


4-12 

6-0 

B 

j 9-0 

14-0 

16-0 1 

1S~0 

21-0 


The joints are made on the mortise and tenon principle, and are driven together by heavy ram or hammer 
while in the trench. This pipe does not have to be laid perfectly straight, but can be slightly curved in any direc- 
tion. Connections can be made to it by cast-iron fittings with hubs turned to fit the spigot of the wood stave pipe. 
The carrying capacity of this*pipe is about 14 % greater than cast-iron pipe. 

Wood stave pipe gives good satisfaction where first-class materials and workmanship are had, but it should 
not be used where it will not always be kept wet; where frost will heave it continuously; or where there is a con- 
siderable amount of air entrained with the water. It is made to stand pressures up to 100 lb. per sq. in. if 
satisfactorily machine banded. 


60. Cost of Laying Pipe. — The data in Tables 48 and 49 were compiled from table given in 
Engineering and Contracting ^ Vol. 61, pp. 37 and 38. The data were obtained on the laying of 
gas pipe, but it would apply equally well for water pipe. These prices should not be applied 
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to rock, hardpan, or quicksand excavation, but only to cases which might be considered as 
average excavation. For depths greater than 6 ft., the cost of excavating increases more nearly 
with the square of the depth than directly with it. 


Table 48. — Cost of Teenching, Lating, Jointing and Backfilling Cast-iron Pipe 


Size of pipe 

Cost of trenching 100 
ft. @ 0.01 per man 
hour 1 ft. deep 

Cost of bell holes on 
100 ft. © 0 01 per 
man hour (pounds) 

Weight of pipe per 
foot 

Feet of pipe laid per 
man hour 

Cost of laying 100 ft. 
@ 0.01 per man 

hour 

Weight of lead per 
joint (pounds) 

Weight of yarn per 
jo’nt (pounds) 

Joints made per man 
hour 

Cost jointing 100-ft 
pipe @ 0.01 per man 
hour 

Cost of pipe per 100 
ft. @ $1.00 per ton 

Cost of lead per 100 
ft. of pipe @ 0.01 
per pound 

Cost of yarn per 100 
ft. of pipe @ 0.01 
per pound 

Cost of dray age per 
100 ft. ® $1.00 per 
ton mile 

4 

$0. 1S4 

SO. 045 

19.33 

21.98 

SO. 0455 

6 

0.37 

6.25 

$0.0405 

$0,966 

$0.50 

$0.0308 

$0,966 

6 

0.203 

0.051 

30.25 

14.05 

0.0711 

9 

0.47 

4.16 

0.0601 

1.512 

0.75 

0 0391 

1.512 

§ 

0.222 

0.057 

42.08 

10.09 

0.0991 

12 

0.56 

3.12 

0.0801 

2.104 

1.00 

0.0466 

2.104 

10 

0.239 

0.060 

55.91 

7.60 

0.1316 

16 

0.65 

2.34 

0.1068 

2.796 

1.33 

0.0541 

2.796 

12 

0.277 

0.066 

73.83 

5.75 

0.1739 

22 

0.75 

1.70 

0.1470 

3.691 

1.83 

0.0625 

3.691 

16 

0.333 

0.078 

112.58 

3.77 

0.2652 

36 

1.06 

1.03 

0.2427 

5.630 

3.00 

0.0883 

5.630 

20 

0.369 

0.087 

153 . 83 

2.76 

0.3623 

50 

1.34 

1.25 

0.3333 

7.777 

4.16 

0.1116 

7.777 

24 

0.406 

0.096 

206. -41 

2.06 

0.4854 

62 

1.60 

1.04 

0.4006 

10.320 

5.16 

0.1333 

10.320 

30 

0.461 

0.111 

284.00 

1.49 

0.6711 

75 

2.00 

0.83 

0.5020 

14.204 

6.25 

0.1666 

14 204 


To use cost prices for trenching and backfilling, multiply cost by depth of trench and by local cost of labor 
per man hour. For other labor costs, multiply by man hour price for that class. For material, multiply by cost 
pounds or ton as specified. 


Table 49. — Cost of Trenching, Laying, Jointing and Backfilling for Wrought-iron 

and Steel Pipe 


Size of pipe 

Weight of pipe per 
foot in pounds 

Feet of pipe laid per 
man hour 

Cost of laying 100 ft. 
at 0 . 01 per man hour 

Width of trench 
(inches) 

Cost of excavation 
and backfilMng 100 
ft. pipe 1 ft, deep at 
0.01 per man hour 

Cost jointing per 100 
ft. pipe per man hour 

Cost for drayage for 
100 ft. pipe at $1.00 
per ton mile 


2.28 

104.2 

$0.0096 

18 

$0,166 

$0.0111 

$0,114 

m 

2.73 

86.6 

0.0116 

18 

0.166 

0.0125 

0.136 

2 

3.68 

65.0 

0.0154 

18 

0.166 

0.0166 

0.184 

3 

7 .^ 

36.6 

0.0273 

18 

0.166 

0.0250 

0.381 

4 

10.89 

26.6 

0.0376 

20 

0.184 

0.0333 

0.544 

5 

19.19 

15.8 

0.0633 

22 

0.203 

0.0500 

0.959 

6 

28.81 

10.5 

0.0962 

24 

0.222 

0.0750 

1.440 


Apply same multiplier as for cast-iron pipe. No bell holes are allowed for here. 


61. Concrete Pipe. — Concrete pipe is manufactured, but not extensively, in sizes from 4- to 
120-in. diameter. In some localities the small sizes are in competition with vitrified pipe for 
sanitary sewers, but its principal use is in the larger sizes (from 36 to 120 in.) for storm sewers 
and culverts. These sizes are usually made on the site of the work, but can be shipped readily 
where necessary.- Railroad companies often make them in one or two yards and ship to points 
on the system for culvert use. 
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Table 50. — Trade Information on Reinforced Concrete Pipe in 4-pt. Lengths 


Size 

(inches) 

1 

Thickneste 

(inches' 

Steel 

(pounds per square) 
foot) 

Cross sectional 
area of steel 
(square inches per 
foot of shell) 

Weight of pipe 
per foot 

24 

2>2' 3 

0 30 

0.058 

264 

27 

3 - 3M 

0.30 

0.068 

350 

30 

3M 

0.40 

0.080 

384 

33 

4 

0.50 

0 107 

485 

36 

4 

0 60 

0.146 

524 

39 

4K 

0.60 

0.146 

580 

42 

m 

0.60 

0 153 

686 

48 

5 

0.80 

0 107 

S6G 

54 


0.80 

0.126 

1070 

60 

6^^ 

0.90 

0.146 

1295 

72 

7 

1 00 

O.ISO 

1810 

78 

8 

1.30 


2250 

84 

8 

1.30 

0 208 

2409 

90 

Si 

2. 12 


2550 

96 

8M 

2.60 

0.245 

2650 

102 

9 

3.02 



108 

9 



2900 

114 i 





120 

10 





In sizes from 24 to 42 in., 1 ring of steel is used. 

In sizes from 48 to 120 in., 2 rings of steel are used. 


The carrying capacity of these pipes of large diameter is slightly greater than for vitrified pipe of the same 
diameter. The cost will depend upon the availability of the materials at the desired location. 

The head carried on concrete pipe should not exceed from 100 to 125 ft. and leakage due to this pressure in 
properly constructed pipe should not be greater than in pipe made of other materials. The coefficient of discharge 
is higher than that for steel pipe. 

62. Standard Flange Fittings. — In Table 51 are given the specifications for “American 
Standard’’ flanged fittings for wrought-iron and steel pipe. Dimensions apply to low pressure 
and standard fittings not extra heavy. 

Notes on the American Standard . — The following notes apply to the American Standard for 
flanges and flanged fittings. 

(a) standard reducing elbows carry the same dimensions center to face as regular elbows of largest straight 

size. 

Standard tees, crosses, and laterals, reducing on run only, carry same dimensions face to face as largest straight 
size. * 

Standard weight fittings are guaranteed for 125-lb. working pressure and extra heavy fittings for 250 lb. 

The size of all fittings scheduled indicates the inside diameter of parts. 

The face-to-face dimensions of reducers, either straight or eccentric for all pressures, are the same as those 
given in table of dimensions. 

Twin elbows, whether straight or reducing, carry same dimensions center to face and face to face as regular 
straight-size ells and tees. 

Side outlet elbow and side outlet tees, whether straight or reducing sizes, carry same dimensions center to face 
and, face to face as regxilar tees having same reductions. 

(b) Bull-head tees, or tees increasing on outlet, have same dimensions center to face and face to face, as a 
straight fitting of the size of the outlet. 

(c) For fittings reducing on the run only, always use the long-body pattern. Y’s are special and are made 
to suit conditions. 
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Table 51. — Stais’-dard Flange Fittings 


Size in 1 inch 
to 12 inches 

Diameter 

flanges 

Thickness 

flanges 

Diameter 
bolt circle 

Number of 
bolts 

Face to face. 
Tees and 

crosses 

Center to- 
face. Ells, 
tees and 

crosses 

Center to 
face. 45° 
elbow s 

1 

4 

Jic 

o 

4 

7 


Hi 

m 


1 

33.' 

4 

7>2 

3^ 

2 

IH 

5 

Hs 


4 

S 

4 

Hi 

2 

G 

/ 3 

Hi 

4 

9 

Hi 


2H 

7 


Hi 

4 

10 

5 

3 

3 

7>i 

n 

G 

4 

' 11 

Hi 

3 

3K 

SH 

HU 

7 

4 1 

12 

6 


4 

9 

HU 

Hi 

S 1 

13 

6M 

4 

4M 


HU 

Hi 

s ! 

14 

7 

4 

5 

10 

HU 

m 

8 ! 

15 

7K 

Hi 

6 

11 

1 

Hi 

S 

16 

8 

5 

7 

12K 

iKs 

mi 

s 

17 1 


Hi 

8 

im 

Hi 

iHi 

8 

IS 

Q 

Hi 

9 

15 

Hi 

mi 

12 ! 

20 1 

10 

0 

10 

16 

HU 

iHi 

12 i 

22 

11 

Hi 

12 

19 

Hi 

17 

12 

24 

12 

7H 


63. Standard Screwed Fittings. — The center to end dimensions of ells, tees, and crosses 
for same size of opening are alike. The dimensions of ells, tees, and crosses for malleable and 
cast iron from to 4 in., are practically identical. In Table 52, dimensions and weights are 
for malleable fittings from to 4 in. and for cast iron from 4 to 8 in. 


Table 52. — Screwed Fittings 
Weights in pounds per 100 


Size 34 
to 4 in. 
Mai. 

4 in. to 8 
in. C.I. 

End to end. 
Tees and 

crosses 

Center to end. 
Tees, ells and 

crosses 

Center to end. 
45° ells 

Ells 

45° ells 

Tees 

Crosses 


Hi 

His 

H 

13 

11 

14 


H 

IH 



17 

14 

23 . 

21 


Hi 

Hi 

H 

27 

21 

35 

42 

^i 

2% 

1 Hs 

1 

39 

32 

55 

54 

1 

2% 

1 Hs 

1 M 

60 

50 

80 

96 

Hi 

33-^ 

1 M 

1 Ms 

105 

80 

136 

152 

Hi 

Hi 

HHs 

1 Hs 

131 

111 

CO 

00 

197 

2 

Hi 

2 H 

HHs 

232 

197 

285 

340 

23^ 

5H 

2^Hs 

HHs 

420 

350 

428 

575 

3 

GJ'i 

3 H 

2 Ms 

637 

483 

742 

960 

3H 

6H 

3 Ke 

2 H 

940 

865 

1000 

1040 

4 

73-^ 

3 H 

2 H 

1100 

775 

1200 

1550 

43^^ 

83^^ 

4 He 

2^Ms 

1600 

1450 

2330 

2700 

5 

8H 

4 He 

3 Ms 

2100 

1650 

2620 

3000 

6 

im 

5 H 

3 He 

3000 

2500 

4000 

4300 

7 

IHi 

51^6 

3 H 

4400 

3500 

5500 

6600 

8 

13 

63-^ 

4 Va, 

5500 

4600 

7900 

8300 






SECTION* 3 
SEWAGE DISPOSAL 
By W. G. Kirch offer 

It is not intended in this section to give a complete treatise on this subject. For full up-to- 
date information the reader is referred to standard works on sewage disposal, such as American 
Sewage Practice by Metcalf and Eddy, Sewage Disposal by Fuller, or Sewage Disposal by Ken- 
nicutt, Winslow and Pratt. The descriptions of the processes herein given are intended to con- 
vey only a general notion of the principles under which the processes will work. The designer 
of an isolated plant will then have a reasonably good idea of what he can expect, if he attempts 
to do certain things with sewage. 


COLLECTION AND FLOW OF SEWAGE 

1. Size of Sewers. — The size of a sewer should not be based upon the average flow antici- 
pated, but upon the maximum rate of flow that can reasonably be expected to take place 
daily. It can be inferred that the flow of sewage would follow quite closely the consumption of 
water and would reach a maximum of about 175% of the mean flow (see Fig. 2,p. 1258). It is 
quite a common rule to assume that the maximum will be twice the minimum so that if the 
sewer is designed to flow half full with mean flow, it will be large enough for maximum flows. 

If it is expected that an increase in the discharge of sewage will take place in the near future, 
due to additional building or increase in the industrial waste, it would be advisable to design the 
sewers for three times the mean flow. Table 1 has been prepared on such an assumption. 

For other grades than those given, the capacity is proportional to the square root of the 
slope. The population served by a given sewer would be inversely proportional to the amount 
of sewage contributed to the sewer by that population, as compared with the figures given in 
the table. 


Table 1. — Poftjlation That Caist Be Server by Sewers with Various Grades 

Based on a consumption of 100 gallons per capita per day. Sewers assumed running one-third ftdl. n = 0.013 


Size sewer 

Fall of sewer in feet per 100 feet 

(inches) 











0.5 

0.4 

0.33 

0.25 

0.20 

0.167 

0.125 

0.10 

0.083 

6 

1,060 

930 

850 

690 

530 





8 

2,160 

1,945 

1,730 

1,405 

1,200 

1,000 

860 

720 


10 

3,780 

3,460 

3,070 

2,640 

2,130 

2,260 

1,940 

1,470 


12 

5,340 

4,970 

4,540 

4,140 

3,600 

3,240 

2,850 

2,550 

2,370 

15 

9,360 

8,360 

7,560 

6,560 

6,000 

5,400 

4,400 

4,240 

3,880 

18 

15,500 

13,850 

12,600 

11,000 

9,940 

8,930 

7,540 

7,000 

6,230 

20 

19,250 

18,200 

16,750 

14,400 

13,250 

11,700 

10,150 

9,340 

8,320 

24 

33,800 

30,500 

27,700 

24,000 

21,800 

18,800 

16,920 

15,400 

13,700 


2 . Materials Used for Sewers. — The universal material used for sewers is vitrified clay pipe. 
Sewers 30 in. diameter and larger are often built of brick, reinforced concrete, cast iron, or 
wrought iron. Sometimes wood stave pipe is used where soils will not support vitrified pipe 
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satisfactorily, where the sewer is under pressure, or where leakage would pollute a water supply. 
Vitrified pipe in lengths of 2, 2t'2, and 3 ft. can be purchased in sizes from 4 to 30 in. (advancing 
by 2 in, to 12 in. and thereafter by 3 in.). 2- and lengths are most common. 

3. Limiting Grades. — The minimum grade of a server is fixed by the velocity at which it 
will be self'Cleansing, usually assumed at 2 to 3 ft. per second; greasy wastes would require 
greater velocities. Flushing is the only safe way to be sure of a clean and sanitary sewer. 
For small lateral sewers a grade of 1 ft. in 200 ft. is very satisfactory but where conditions will 
not permit, a grade of 1 ft. in 400 ft. is permissible. Sewers 24 to 30 in. in diameter with a 
flow of sewage sufficient to fill them one-half or more full, are often laid on a grade of 1 in 1000 
or 1 in 1200 ft. 

4. Workmanship. — The construction of sewers is more likely to be neglected than any 
other part of a building contract. “Out of sight, out of mind” is often too true. It is highly 
important that the sewer should be laid to a straight line and grade-, with joints even and 
well filled with a hemp gasket and cement mortar. Stoppages in sewers are often caused by 
poor workmanship in the laying. The capacity can also be materially cut down by a crooked 
rouch sewer. 

5. Details. — The appurtenances of a common ordinary sewer are manholes, lampholes, 
and flush tanks. No sewer should be constructed, no matter how short, that does not have at 
least one manhole on it. On longer sewers they should be spaced 300 to 500 ft. apart depending 
on local conditions, size of sewers, character of sewage, and funds available for the work. 

A manhole to be serviceable should be 3 to 4 ft. in diameter and extend from sewer to 
surface of the ground or street and be provided with an iron or concrete cover, readily removable. 
They can be constructed of brick, concrete, or cement blocks. The invert of the sewer should 
be continued through the manhole just the same as in the sewer, only the top half of the pipe 
should be cut away to allow for inspection and cleaning. 

Lampholes are not used as much as formerly. They are for the purpose of flushing the end of a sewer with a 
hose, or to permit the lowering of a light in case of obstruction. They are made of sewer pipe and have an iron 
cover. 

Flush tanks are not likely to be needed on sewers for a single building, but should be included where the system 
is extensive or has very flat grades. These tanks should be located so as to flush the greatest lengths of sewers on 
the flattest grades. A flush tank is xisually a small reservoir or cistern provided with an automatic syphon for the 
discharge from the tank and an orifice for control of the water used for flushing. The water is usually ob- 
tained from the city water mains, but may be obtained from a private source of supply as the case may 
demand. 

6. Variations of Flow. — The variations in the volume of sewage discharged^ from any 
building or industry will follow quite closely the hourly variations in the consumption of water. 
The curves shown in Fig. 2, p. 1258, will therefore fairly represent the relative (not absolute) 
volume of flow of sewage from one hour of the day to another. Where large quantities of 
ground water enter the sewer through the joints or otherwise, or where large volumes of cooling 
or wash water are constantly turned into the sewer, the relative variation will be very much 
smaller. 

7. Cost. — There are many factors that affect the cost of sewers, such as the nature and 
condition of the soil, price of labor and materials, diameter of pipe, and depth of trench. Table 


Table 2. — Fob Estimating Cost oe Vitrified Pipe Sewers 

Depth of trench in feet 




4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

10 

18 

20 

Size of 

6 

0.40 

0.45 

0.50 

0.58 

0.65 

0.75 

0.85 

0.98 

1.08 

1.35 

1.68 

2.03 

2.43 

pipe 

8 

0.53 

0.58 

0.63 

0.70 

0.80 

0.88 

1.00 

1.10 

1.23 

1.53 

1.85 

2.23 

2.65 

(inches) 

10 

0.65 

0.73 

0.78 

0.85 

0.95 

1.05 

1.15 

1.28 

1.40 

1.70 

2.13 

2.45 

2.90 


12 

0.83 

0.88 

0.95 

1.03 

1.13 

1.23 

1.33 

1.45 

1.60 

1.93 

2.28 

2.70 

3.18 


15 

1.10 

1.15 

1.23 

1.30 

1.40 

1.53 

1.65 

1.78 

1.93 

2.28 

2.68 

3.13 1 

3.63 


18 

1.40 

1.45 

1.53 

1.63 

1.73 

1.85 

2.00 

2.16 

2.30 

2.08 

3.10 ' 

3.60 

4.15 


20 

1.63 

1.70 

1.78 

1.88 

2.00 

2.13 

2.25 

2.43 

2.60 

3.00 

3.45 

3.95 

4,55 
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2 has been prepared from the bids on many sewers. These bids were compiled during a period of 
20 yr. and represent average conditions. The prices have been made to cover the approxi- 
mate recent <'1927) prices. They should be used onl 3 ’ as a guide and should be increased 
where the local conditions are unfavorable to average working conditions. The table does not 
cover rock excavation or quicksand digging. 


COMPOSITION OF SEWAGE 

8. General Characteristics. — Sewage has been defined as a combination of the liquid 
waste conducted away from residences, public and business buildings, and industrial establish- 
ments. A briefer definition would be, ‘'The wastes of human habitation.’^ It possesses three 
general characteristics as suggested by Prof. E. B. Phelps: the phj'sical property of “concentra- 
tion,” the chemical property of “composition,” and the biological property of “condition.” A 
sewage containing a large proportion of sewage matter as compared to the water of a given 
sewage, is strong or concentrated, while one having the reverse of these conditions is a weak 
or dilute sewage. 

A concentrated sewage means that a greater quantity of sludge will be produced which must be cared for, and 
it also means that the solids will settle out quicker than in a dilute sewage. 

The particular process to adopt for the treatment of a given sew'age depends more upon the composition of the 
sewage matter than upon the concentration or condition. When a sewage is in a “fresh” condition it lends itself 
more readily to oxidizing processes, whereas a stale sewage or one that has tra\^eled a long ways in pipes or stood in 
receiving basins, lends itself more readily to septic action, 

9, Total Solids. — A weak or dilute sewage contains about 200 parts of solids to each million 
parts of sewage; a medium or average sewage, about 800 parts; and a strong sewage about 
1600 parts per million. The total solids in sewage are divided physically into suspended and 
dissolved matters, and chemically into organic and mineral matters. The subdivision of the 
total solids of a typical American sewage are shown in the accompanying diagram. 


Physical Condition or Principal Constituents of Sewage op Medium Strength 

(Numbers are parts per million) 


Total solids 
800 


Suspended 
solids 300 (bj’’ 
£Qter paper) 


Dissolved 
solids 500 


Settling solids (2 hr.) 
150 


Suspended colloidal 
solids 150 

Dissolved 
colloidal 
solids 50 


Dissolved 
crystalloidal 
solids 450 


Organic settling 
solids 100 

Mineral settling 
solids 50 

Organic suspended 
colloidal solids 100 

Mineral suspended 
colloidal solids 50 

Organic dissolved 
colloidal solids 40 
Mineral dissolved 
colloidal solids 10 

Organic dissolved 
crystalloidal solids 
160 

Mineral dissolved 
crystalloidal solids 
290 


150 settling solids 


200 colloidal solids 


450 crystalloidal 
solids 


Total solids 
800 


10. Organic Matter. — The organic matter in a typical sewage is divided approximately 
as follows : 
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Nitrogenous 150 


Nitrogen 15 
Carbon 75 
Hydro, oxygen 
Sulphur phosphate 60. 


Organic matter 400 


Fats 50 


Non-nitrogenous 250 


Carbohydrates 

200 


Carbon 3o 
Hydrogen ] 
Oxygen / 

Carbon 90 
Hydrogen ) 
Oxygen J 


Organic matter is of vegetable and animal origin. It Ls the part of the solids in sewage in 
which we are particularly interested from a sanitarjj' standpoint. Nitrogenous matter, con- 
sisting principally of urea and proteids, is generally considered as the substance that is the 
least stable and most likely to break dovm and cause a nuisance. Offensive gases are usually 
of a sulphurous origin. 

11. Mineral Matter. — Mineral matter consists principally of calcium and magnesium car- 
bonates and sulphates. Where the water supply used in producing the sewage is highly min- 
eralized, the sewage is likely to be mineralized also. Industrial wastes often contain mineral 
matters that affect the mineral constituents of sewage. These matters in themselves are not 
objectionable from a sanitary standpoint, but often if in large quantities and combinations, 
they interfere with the processes of purification. 

12. Suspended and Settling Solids. — ^All solids in sewage which are floating, suspended 
by virtue of the velocity of the liquid, and those that are in a colloidal state, are defined as 
suspended matter. Settling solids are those that will settle out of solution in 2 to 4 hr, after 
quiescence begins. It is important in the treatment of industrial w^astes to remove as large a 
percentage of settling solids as possible. The higher the total suspended matter present, es- 
pecially if it be of a coarse material, the greater will be the percentage of the settling solids re- 
moved. Colloids are difficult to remove by settling. They are in a semi-soluble state. Some, 
matters of a fatty or soapy nature will not settle out although they remain in a strictly sus- 
pended condition. 

13- Putrefaction. — Organic matter contained in sewage soon begins to putrefy due to a 
lack of oxygen. Where oxygen is present or can be supplied in sufficient quantities, the reduc- 
tion of this material goes on in an aerobic condition, but where sufficient oxygen is lacking, the* 
reduction goes on in an anaerobic condition. An effluent from a sewage disposal plant that is 
not putresciblc is said to be stable. One of the most common and reliable tests for this is the 
methylene blue test. 

14. Bacterial Action on Organic Matter. — There are two separate and well defined proc- 
esses of bacterial action that take place in sewage. When sewage first reaches the public 
sewers it is “fresh” and contains free oxygen so that acrobfc bacteria thrive. These bacteria 
grow and multiply only in the presence of oxygen. After sewage has traveled a long distance 
iti sewers or has stood quiescent in a tank for sometime, the sewage becomes stale or septic 
when anaerobic bacteria, those that grow in the absence of oxygen, come into evidence as the 

chief factor in the reduction of the organic matter. 

The processes are diametrically opposite and opposed to each other. The aerobic or oxidation process is 
accompanied with little or no odor while the opposite is very true of the anaerobic or septic process. 

Unless oxygen is supplied in sufficient quantities and quick enougii, the sewage will invariably pass into the 
septic state from which it is difficult to again restore it to an oxidized condition. 

For small plants it is difficult to prevent someseptization from taking place without an unwarranted expense for 
installation and operation. In fact, it is usual in most plants to allow the sewage to get into a more or less septic 
state before attempting to apply methods of oxidation. Some of the more recently designed tanks and processes 
are planned to completely, or at least to a very large extent, prevent septic action. Such processes are particularly 
desirable to use where a high degree of purity is necessary. 
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PROCESSES OF PURIFICATION 

16 . Diliitioa. — No hard and fast rule can. be laid down by which it may be determined 
that sewage disposal by dilution will be satisfactory and not cause a nuisance. Some 
authorities have used the rule that if there were 5 cu. ft. of water flowing per second in the 
stream per thousand population tributary to the sewer, a nuisance would not be created. The 
rule will not hold good in most instances. 

The changes that take place in the dilution method are not materially different from those 
that take place in the process of filtration. It is largely a matter of oxidation accompanied by 
mechanical and physical agencies. For the process to be satisfactory there should remain no 
floating organic matter, no deposition of sludge should take place in the vicinity of the outlet, 
and there should be sufficient oxygen in the stream or other body of water to completely oxidize 
the sewage. As ordinarily spoken of, dilution has meant the disposal of raw sewage into a 
body or stream of relatively pure w'ater. As actually practiced, the dilution method is used for 
the final disposal of all stages of sewage effluents from raw sewage to the effluents from the best 
slow sand filters. 

It is a common practice, perhaps too common, to pass the sewage through tanks and then leave the balance 
of the process of purification to take place in the body of water into which the sewage passes, regardless of its size or 
condition. It is very obvious that raw sewage in considerable quantities, such as would be discharged from a large 
factory building or institution, should not be discharged into a small body of water or small stream- In almost all 
cases it is preferable to use some preliminary treatment to at least remove the floating solids and coarser matter. 
This can best be accomplished by screening or sedimentation in tanks. 

The outlet sewer for best results should extend some distance into the water with several openings so as to 
provide a good intermingling of the sewage effluent with the water. It is a well established fact that streams will 
purify themselves under favorable conditions. The distance below the source of pollution that the stream may be 
found free from 'evidence of it, depends upon the relative volumes of sewage and water, upon the amount of oxygen 
present in the water, and upon the velocity of the stream. At New Orleans no traces of sewage pollution can be 
found in the Mississippi river, although the sewage of nine million people is discharged into it. 

16 . Screening. — Two classes of screens are used for this purpose: (1) coarse rack screens 
for removing objects that would obstruct machinery, render disposal waters unsightly, and 
prevent deposits on the bottom of rivers, lakes, and tidal waters, and (2) fine screens for the 
purpose of removing the above materials and also as much as possible of the finer suspended 
matter. 

, Coarse screens are built of bars to in. apart, and fine screens, usually revolving, are built of perforated 
metal or wire cloth with holes seldom exceeding in. in size. 

The use of fine screens can hardly be considered more than a very preliminary process. Screens are used 
principally where the ultimate disposal is into tidal waters or very large streams. "Where a plant receives consider- 
able attention from the caretaker, bar screens are advantageous on most any plant. None of the screens now made 
can compare with plain sedimentation for the removal of a large percentage of the settleable solids. 

17 . Sedimentation. — Sedimentation is the process by which sewage is allowed to stand 
quiescent in, or flow very slowly through, tanks or basins in which the settleable solids may 
subside to the bottom of the tank. This process, if carried out for a period of 2 to 3 hr. with 
the resulting sludge removed continuously or at frequent intervals, will not permit of much 
septic action. Such action is called plain sedimentation as it does not involve bacterial re- 
duction or its attendant chemical changes. At least 150 parts per million of the solids of a 
typical sewage should be removed in 2 hr. Sedimentation is a valuable part of the process of 
disinfection of sewage as it has been proven that a disinfectant, such as liquid chlorine, will 
act much more effectively after the coarser matters have been removed. 

The amount of matter that "will settle varies greatly with different sewages and is largely 
influenced by quantity and character of industrial waste included in the sewage. 

18 . Tank Treatment. — There are three leading types of tanks for sewage treatment: 
(1) septic tanks, (2) Imhoff tanks, and (3) sedimentation tanks with auxiliary tanks for separate 
sludge digestion. Several other types have been proposed, such as the Travis and Dortmund 
tanks. 
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18a. Septic Tanks. — Septic tanks are really sedimentation tanks with the added 
feature that the sludge is retained in the tank for long periods of time to undergo anaerobic 
decomposition. As a result of this action, gas-lifted particles of sludge are raised to the surface 
of the liquid. These particles, while still in a partially decomposed state, are often carried 
away with the effluent, making it more turbid than the raw sewage. Such conditions frequently 
come about where the velocity of £ow through the tank is suddenly changed to a high rate as 
would happen where storm water is allowed to get into sanitary sewers, or where there are rela- 
tively large changes in the discharge of sewage from the building. It is therefore advisable to 
keep out of the tank, storm waters and all other waters of variable flow that are relatively as 
pure as the effluent from the tank would be, such as cooling waters in condenseries, ice plants, 
etc. The relative variation of flow is usually greater for very small installations than for very 
large ones. For instance, the flow of sewage for a family of 3 people would likely vary 
100% within 24 hr., whereas for a large factory running night and day the variation might 
be only 30%. 

The size of a septic tank should be based on either the number of people served or upon the quantity of sewage 
flowing at the average rate 
(assume 24-hr. flow to take place 
in 18 hr.). The following tests 
applied to the design will usually 
bring satisfactory results for 
tanks of this type: O) The capa- 
city should be 4 cu. ft. to each 
person; (2) the capacity should 
equal about one-third of the 
volume of the daily flow; and (3) 
the rest period (flowing-through 
period) should be about 8 hr. The 
essential features of the design of a 
septic tank are: The inlet and outlets should be trapped so as not to disturb the floating sludge or allow it 
to flow away with the eflSuent. The velocity at entrance should be reduced as soon as possible to a minimum of 
about 11 ft. per hour and maximum of 30 ft. per hour. The tank should have a minimum depth of 4 ft. and 
should not be deeper than 12 ft., except in cases where it is necessary to get the required volume in a limited 
space. The length should be about twice the width. The tank may or may not be covered, but if covered it 
should not be air tight as the gases are liable to explode and do great damage. The tank should have some con- 
venient means of cleaning — that is, by either drawing off the sludge or skimming the scum from the surface of 
the liquid. This feature is the one that is most likely to be neglected as it has been the general supposition that 
septic tanks do not need to be cleaned out at all, which is not in accord with the experience of the operation of the 
oldest tanks. 

Fig. 1 illustrates a vertical, longitudinal section of a typical septic tank. The baffles at the inlet and outlet are 
usually made of an elbow or tee of vitrified pipe for small installations, and of plank 9r concrete hanging wall for 
large ones. 

Septic tanks are made with hopper bottoms so that they can be cleaned out more easily, but the experience with 
these tanks has demonstrated that greater quantities of gas-lifted sludge are brought up into the liquid and hence 
into the effluent on account of the greater concentration of sludge at one point. The patent on the septic tank 
expired in 1916. Table 3 gives the proper dimensions of small tanks for 2 to 21 people. 


Table 3. — Dimensions of Septic Tanks 
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185. Imhoff Tanks. — Imhoff tanks were designed and patented by Dr. Imhoff 
of Essen, Germany. The design consists of a sedimentation tank superimposed on a septic 
tank for the digestion of the sludge. The flow takes place only through the upper tank and 
its bottom is so constructed with steep slopes and a baffled slot that the settleable sohds slide 
into the digestion chamber below. This tank performs all the functions of a septic tank but 
keeps the process of sedimentation separate from the process of anaerobic decomposition of 
the sludge. 

It is claimed that its principal advantage lies in the fact that the effluent is free 
from septic gas-lifted sludge; it also contains more oxj^gen and is, therefore, more readily 
treated subsequently by oxidizing processes, such as filtration. At the same time, it re- 
tains all the advantages of anaerobic decomposition of the sludge. The essential features of 
the design of air Imhoff tank are: a sedimentation chamber whose bottom has steep slopes 
and slot for passing settleable solids, and a sludge digestion chamber under the sedi- 
mentation tank with sludge pipe for removing the sludge. The inlets and outlets of the 

sedimentation chamber should he baffled and the 
bottom slopes should be not flatter than 1.5 units 
verticall.y to 1 horizontally. Platter slopes have been 
tried bub found to be unsatisfactory in most cases. 
These slopes should be made as smooth and even as 
possible. The slot between them should be not over 
6 in. wide and properly baffled by extending edge of 
one slope past the slot, or in some other manner 
equally as good. Sufficient area must be provided 
for the escape of gas and for the floating sludge rising 
from the sludge chamber. Such gas vents on large 
plants should be extended several feet above the 
surface of the liquid in the tank. 

The sludge chamber should have bottoms sloping to one or 
more points from which the sludge can be removed. The slopes 
should be not flatter than 1 unit vertically to 3 units horizon- 
tally. A sludge pipe should extend to a point near the bottom 
so that some sludge may be removed. Removal of the sludge is usually accomplished by the head of water in 
the tank above the outlet of the sludge pipe, but where this is not possible, the sludge is pumped by a suction 
pump. 

Tig. 2 illustrates a vertical cross-sectional view of a typical Imhoff tank showing the slopes, slot, sludge pipes, 
etc. The capacity of these tanks is based on the flowing through period ” for the upper story and on the volume of 
sludge produced by a given sewage for the lower story. The capacity of the sedimentation tank or upper story 
should be K to K of the vdlume of the 24-hr. flow, which would provide a rest period of 2^4 to 3 hr., based on the 
average flow taking place in 18 hr. The capacity of the lower story or sludge chamber will depend largely upon the 
relative strength of the sewage and upon the frequency of drawing off sludge. An average value would be 0.008 cu. 
ft. per capita per day for a period of 3 mo. or more; that is, it should hold the sludge that would accumulate in 
3 to 5 mo. 

It is claimed that the Imhoff tank is an improvement over the septic tank in that it delivers a fresher and more 
uniform effluent and provides means for thoroughly digesting the sludge. However, Imhoff tanks are not giving 
the satisfaction as at first thought, or as claimed for them. Some of the principal difficulties and objections to 
them are: foaming of gas vents, which function spreads partially digested sludge all over the walls and surface 
,,of the sedimentation tank; scum forming on the surface of the sedimentation tank and becoming septic; settleable 
solids collecting on the sloping bottoms and becoming putreseible; generating of gas and sending sludge to the 
surface; difficulties in drawing off sludge by having it clog the pipe and cling to the sides and bottom of tank; 
liquid from upper story being drawn off in place of sludge, etc. 

18c. Sedimentation Tanks, — Sedimentation tanks are similq,r to the Imhof' 
tanks in action and operation, but differ in construction. The sludge digesstion tank, instead 
of being located under the sedimentation tank, is placed at one side of it. The sludge is drawn 
off periodically by a sludge pipe operating under the head of water in the sedimentation 
in a similar manner to the way in which sludge is drawn from the lower chamber of the Imhoff 
tank. This method is not entirely satisfactory as the sludge tank soon fills to a level near 
that of the settling tank, and then there is little or no head to produce a flow of the settling 
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solids, unless constructed at a much lower level. A much better plan is to pump the solids 
from the sedimentation tank by means of centrifugal or air lift pumps. The capacities of 
these tanks should be the same as for the corresponding stories of the Tmhoff tank. 

19. Filters. — The effluent from preliminary processes in most instances is further treated 
by filtration. There are four types of filters commonly used : (a) slow sand filters, (b) contact 
filters, (c) sprinkling or percolating filters, and (d) sub-suiface filters or tile distribution. 

19a. Slow Sand Filters. — Slow sand filters are constructed of a layer of medium 
coarse sand about 2 ft. thick, resting on a layer of gravel with under drains. The effluent from 
the tanks or other preliminary process is distributed over the surface by means of troughs or 
pipes in doses sufficient to cover the bed 2 in. deep. Sufficient time should elapse between 
doses to allow for complete drainage of the bed and for air to follow the liquid into the filter. 
The filter should be divided into three or more sections or beds, so that two beds can be operated 
alternately while the third one is resting and being cleaned of any surface deposit. The surface 
area of the filters in use should be so proportioned that they will receive from 5 to 10 gal. per 
sq. ft. per day. These filters should only be used where it is necessary to produce an effluent 
of high degree of purity. 

195. Contact Filters. — Contact filters are usually placed in large concrete tanks 
and consist of relatively coarse broken stone or gravel. The tank or other effluent is discharged 
into the filter periodically, filling the voids of the filter to nearly the surface of the stone. It is 
then allowed to stand in ‘‘contact” for a period of an hour or more when the effluent is drawm 
off for final disposal or further treatment- The filter is then allowed to stand empty for about 
6 hr. when it is again filled as before. These filters are used principally in large installations 
as an intermediate process, but occasionally have been used for small installations, such as 
would be required for an isolated building, factory, or institution. The effluent from a contact 
filter or bed is far inferior to that of a slow sand filter and no better than that of a sprinkling 
filter. In some cases where extreme purification is not needed and where there is not sufficient 
head to operate filters of other tj^pes, this filter might pro veto be the best solution of theproblem. 
The rate of dosing is usually about 0.6 million gal. per acre per day with a minimum of 0.3 
and a maximum of 1.0 million gal. per day. These beds are often operated in series, as primary 
and secondary. 

19c. Sprinkling Filters. — The sprinkling filter is one of the newest and most 
satisfactory types of filters where an effluent of medium purity is satisfactory for further dilu- 
tion in a stream or body of water. 

The media used in these filters is crushed stone or gravel from to in. in size and in 
depth of 5 to 10 ft. The rate of operation varies from 1.5 to 2.0 million gal. per acre per day, 
depending upon the character of the applied effluent and the degree of purity desired. The 
removal of suspended matter and the stability of the effluent are both functions of the depth 
of the filter and the rate of application. The treated sewage is applied usually by means of 
spray nozzles automatically operated from a syphon chamber in ■which one or more automatic 
syphons are located. The rest period between doses need be only a few minutes, usually 15 
to 30. From 4 to 9 ft. of head is required to operate the nozzles satisfactorily, which in some 
cases is a great objection to fhe use of this type of filter as such a head, together with the fall 
through the filter, could not be obtained without pumping. There is considerable odor notice- 
able about these filters, due to the spraying of a foul smelling liquid in tlie atmosphere. They 
should, therefore, be located as far as possible from inhabited buildings. This type of filter 
unloads its entrained organic matter in the form of humus. 

The unloading may tahe place at frequent intervals, but principally in the spring of the year. If there-is no 
provision made for catching the humus, the effluent at times will be very turbid and perhaps putrescible. It is 
therefore usual to provide a settling tank at the outlet of the filters in which the humus settles to the bottom. 
Such a reservoir should have a capacity equal to the volume of a 3-hr. flow. The humus must be removed fre- 
quently from the reservoir as it is highly putrescible and would gasify in a short time and pass off with the effluent 
if allowed to remain in the reservoir. 

19d. Sub-surface Filters. — The sewage from many isolated residences, factories, 
institutions, etc., is disposed of by the use of sab-suri^ace filters or tile drains laid in loose soils. 
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Some preliminary treatment must always be used to" remove all of the coarser matters and as 
much as possible of the settleable solids which might eventually clog the tiles. For proper 
distribution of the liquid in the entire system, the tiling should be laid on very slight grades 
and all of the lateral lines should be on the same grade. The liquid should not be allowed to 

trickle into the main dis- 
tribution pipe? but should 
be applied m doses sufld- 
cient to fill the system 
entirely full. This can 
be accomplished by the 
use of an automatic 
syphon. The amount of 
tile necessary will vary 
greatly with the charac- 
ter of the effluent to be 
handled and with the 
character of the soil 
absorbing the liquid, but 
will likely vary between 

10 and 50 ft. of 4-in. tile per capita served. 


Cross Section of 
Fiifer Trench 



Where soil conditions are favorable and the amount of sewage to be cared for is relatively small, “dry wells” 
may be used to advantage for the disposal of tank efifluents (see Fig. 1). In localities where the subsoil is not suited 
for absorption of the lliquid, it is sometimes necessary to artificially construct a sub soil about the drain tiles or in the 
form of a sub-surface filter (see Figs. 3, 4, and 5). 

20. Broad Irrigation. — The 
broad irrigation process consists 
in irrigating agricultural land 
with the raw sewage or effluents 
from preliminary processes. 

This process can be very satis- 
factorily used in localities where 
the soil is very loose, such as 
sand or gravel which might be 
found in some of the warm 
climates. The method of ap- 
plication is by wooden troughs, 
pipes, or trenches made between two furrows. The latter method is usual where crops are 
raised on the sewage disposal area. 

The rate of application will vary from 50,000 gal. per acre per day for a strong sewage and relatively fine sand, 

to one million gallons or more for a tank ejOQuent on a 
coarse gravelly soil. This is a method that is used quite 
commonly in warm 'Slimates where there is a sandy or 
gravelly soil available. It is also used in some northern, 
cold climates where sand flats along large rivers are 
available for the purpose. 

21. United States Public Health Service 
Design. — Prof. Earle B. Phelps and others of 
the Hygienic Laboratory of the United States 
Public Health Service, have experimented with 
a new >type of plant for single houses or small 
communities. In a preliminary report they describe this most interesting design in part as 
follows: 

The design consists of a concrete structure in which are placed an ImhojEf tank with wooden partitions, bottom 
slopes, baflaes, etc. In the second compartment is located a lath filter. It is built up of layers of ordinary laths, the 
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laths of adjacent layers lying at right angles to each other, and those of the same layer being parallel and spaced 
with clear openings of 3 in. The laths of alternate layers are so placed that they will come over the centers of the 
open spaces in the layer below. A filter 6 ft. deep yields an effluent of high degree of oxidation, and one 3M ft. deep 
jdelds an effluent sufficiently oxidized to satisfy the requirements of most situations- A total filter volume of 8 
cu ft. per capita is required, or from to 123 ’^ gal- of sewage may be applied to 1 cu. ft. per day. 

The distributor consists of a tip trough similar to those used in rain gages. A cross section of this device is 
shown in Fig, 6. The trough extends entirely across the filter and discharges upon tapering boards placed upon the 
surface of the lath filter. As each compartment becomes nearly full the device is overbalanced and tips, rocking 
upon the supporting knife edge. The force of the impact is sufficient to cause the sewage to pass in a wave to the 
ends of the distributor boards. These boards are so tapered that the distribution over the entire area is rendered 
quite uniform. The performance of this filter is much superior to that of a good stone sprinkling filter. In 6-ft. 
depths with subsequent sedimentation, it is approximately equal to that of a well operated sand filter 2 ft. deep. 
Comparable results of this filter with a similar one of stone are given in Table 4. 


Table 4. — -Aveeage Pekformance of Lath and Stone Filters 



Lath 

Stone 

Rate (m.g.a.d.) 

2.90 

3.12 

Relatives stability of effluent (percent) 

93.0 

67.0 

Reduction of biochemical oxygen demand (percent.) 

89.0 

81.0 

Reduction of organic nitrogen (percent ) 

55.0 

29.0 

Nitrogen oxidized (P.P.M.) 

4.7 

4.0 


In the complete design, the sewage flows from the Imhoff tank through a pipe to the end of the distributor 
trough, and thence to the filters as above described. The effluent from the filter is again passed through an Imhofl 
tank located under the filter. The device fulfills in a most practical way the requirements of satisfactory operation 
with minimum superintendence. 

It is claimed by the designers that a plant of this design, capable of caring for 10 people, 
can be built for $250. The degree of purification effected is sufficient for all purposes except 
where the discharge is directly into a water supply, in which case, 
chemical disinfection of the effluent is recommended in addition. ^Inkf pipe 

In the northern sections of the country it will be desirable to pro- 
vide heavy plank covers for protection against winter weather. 

The plant will operate without nuisance, and with a monthly in- 
spection and semi-annual or annual removal of sludge from the 
tanks, wiU operate continuously without further attention. 

22. Selection of Method of Treatment. — It is common prac- Fig. 6. 

tice to discharge sewage and other wastes into large bodies of 

water and streams where such are available. This process of dilution, while correct in princi- 
ple where properly applied, cannot be said to be a desirable one from an esthetic or sanitary 
standpoint. The installation of the simplest form of tank treatment will remove the 
principal objections to this process in many instances. 

The choice of tank design is not always an easy matter to decide. Where the sewage is 
fresh and not broken up or digested, a Dortmund tank followed by an Imhoff, as shown in Fig. 7, 
should give most excellent results. Where a large factory or institution is to be served and the 
disposal plant is not a great distance from the power plant, or where electric current for power 
purposes is available, the plain sedimentation tank with separate sludge digestion tanks and 
air lift pumps should give satisfactory results (see Fig. 8). 

Where the body of water or stream is relatively small or incapable of oxidizing the effluent to a stable condition, 
the tank treatment should be followed by some method of filtration. The type to select will depend upon local 
conditions as to final disposal and the amount of fall available. W here a partial purification will suffice and there is 
plenty of fall, a sprinkling filter will prove the most satisfactory, but under the same conditions with small fall, a con- 
tact filter should be used. 

Where there is no body of water or stream in which to dispose of the final effluent, it must be disposed of under- 
ground by subsurface irrigation, a dry well, subsurface filter or by slow sand filter^, discharging upon the ground, 
into a ditch, dry run, or ravine. In the latter case the effluent must be practically as stable as any surface water. 
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Broad irrigation can be substituted for any of the above methods when conditions are favorable. The selec- 
tion of the proper method of treatment should be given careful consideration by a person well versed in the subject. 
The too common practice of adopting dilution or septic tank treatment without study of the problem cannot be 
recommended. 

23. Inspection and Control of Sewage Disposal Plants. — All sewage disposal plants should 
he inspected periodically. The length of time between inspection will depend upon the charac- 
ter of the plant and upon the degree of purification necessary to prevent a nuisance being created 
in the final body of water into which the effluent is discharged. They should be inspected at 



least every three months and the oftener the better Satisfactory operation may be judged by 
sight, smell, physical, chemical, and bacteriological tests and analyses. 

Septic Tanks , — A relatively clear, light colored effluent with little or no odor at a distance 
of 50 ft. indicates good operation. A milky or light creamy colored effluent generally indicates 
that too fresh sewage is leaving the tank. This condition may be caused by the tank being 
too small, or by the tank being loaded with sludge and the discharge taking place by a short- 
cut passage through the tank, or possibly the baffles have become removed and the flow is 



direct from the inlet to the outlet. If the effluent is dark colored and contains particles of 
black humus, the tank likely needs cleaning as it is either now discharging more organic matter 
than comes into the tank, or the flow into the tank is erratic and is unduly disturbing the 
sludge. . 

The remedies that may be applied for these defective conditions are: clean the tank; make necessary repairs, if 
any; reduce excessive flow into tank, if possible; make sedimentation teats and chemical and bacteriological analyses 
to determine actual work done by the tank. If the tank is insufficient in size, build another compartment. 

At each inspection, tests with poles should be made to determine amount of sludge on the bottom of the tank 
and the amount of scum. See that flow takes place over full length of weirs if there are any. 
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hnhoff Tanks . — If sewage is extremely fresh when it enters the tank, there wUi be consider- 
able scum on the tank after it has been in use a month or more. This should not be allowed to 
become septic, but should be removed, forced under liquid, or broken up. Violent disturbance 
should be avoided. If effluent is dark colored with black humus particles entrained, either the 
slot is closed or the settleable solids have collected on the slopes of the tank and are becom- 
ing septic. The remed}^ for these conditions is to squeegee the slopes, draw off the sludge, and 
inspect the slot with a long pole or rod. If gas vents are foaming, draw off sludge or remove 
any scum from the vents. 

Draw off some sludge each month and keep the sludge loose in the sludge chamber by the use of water under 
pressure. IMake sedimentation tests and chemical and bacteriological analyses, quarterly or oftener. 

Filters . — Sand filters must be dried and scraped whenever there are signs of clogging to any 
large extent. Sprinkling filter nozzles have to be removed from time to time to keep out 
matches, corks, etc. When the filter shows signs of clogging, remove spray nozzle and plug 
opening for a while. Humus tank under filter should be cleaned out frequently. 

Sub-surface filters should be inspected so far as is possible, and in some cases dug up if necessary, to determine 
the cause of any trouble such as odor, clogging, putrescibility, etc. 

Sedimentation tests and chemical and bacteriological analyses should be made quarterly or oftener if a high 
degree of purification is necessary. 



SECTION 4 

WATERLESS TOILET CONVENIENCES 

By Frank R. King 

1. Outdoor Privies. 

la. Deep Vault Type. — ^In localities where sewers are not available, where 
private sewage disposal systems are not practicable, or where the water supply is derived from 
shallow surface wells, a sanitary privy or some other approved type of toilet is essential for the 
safe disposal of human wastes. 

An outdoor privy should not be located at a spot such that liquids from the vault may pass 

either over the ground surface . or through the 
ground. Where possible, it should be located 
at least 100 to 150 ft. from the nearest surface 
well or spring, and no water-tight privy vault 
should be located within 10 ft. of any cistern 
or within 20 ft. from any surface water supply 
Prof He of Seat Used for drinlcing purposes. 

It cannot safely be said that anj^ soil within 
500 or 1000 ft. of an open vault, privy, or cess- 
pool will protect a shallow, dug or drilled well, 
or spring, from pollution. Any soil full of 
seams, a porous rock or one full of crevices, or 
a very coarse gravel may allow the contents of 
the vault or cesspool to leach to the nearby 
source of shallow water supply with little or no 
purification. 

The privy must be so designed and con- 
structed that it can be kept reasonably clean 
and in a sanitary condition without too much 
labor. A broom or service closet as shown in 
Fig. 1 should be provided. 

The vault or pit must be as dark as pos- 
sible, of adequate depth, and extended with 
suitable material, such as concrete or masonry 
work, at least 8 in. above the surface of the sur- 
rounding ground, so that small animals and 
vermin cannot have access to the excreta, and it 
Pio. 1.— Floor plan of a school privy. should be flyproof. 

GENERAL INFORMATION AND SPECIFICATIONS FOR PRIVY CONSTRUCTION 

Foundation, — Foundation or supports should be of durable construction, and when not a part of the vault 
should be extended below the frost line. 

Frity Vault. — The kind of vault to be selected depends upon the following conditions: 

(1) The location of the privy with relation to wells, driven points, springs, streams or other source of water 
supply. 

(2) .Capacity of vault required to serve existing conditions and to conform with the type of floor construction 
chosen from the sketches given. 

(3) Character and stability of the soil into which the vault is to be sunk. 

(4) Character of the material most suited or convenient for the construction of the vault, such as brick, cement, 
or tile blocks, or stone laid in mortar; concrete walls with the bottom left open to the soil or made with water-tight 
walls and bottom j or wood construction, as may best serve the existing conditions. 

1300 
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(5) Wiietlier the vault is to be constructed for permanent service or provided with an opening for the removal 
of contents, or the shelter-house removed for cleaning of vault or moved to a new location. 

The vault should have a minimum inside dimension of at least 2 ft. 8 in. and extend the full length of the privy. 
It should have a depth of from 6 to 10 ft., depending upon the character of the soil and size of vault serving the 
particular situation best. Vaults provided with a cover for cleaning purposes must have a width of at least 3 ft. 
8 in., interior dimensions, extend the full width of the privy and be provided with an access space to the vault 
from 16 to IS in. wide (Tigs. 2 and 3). 

For estimating or determining the capacity required for a privy vault the following information is presented: 
Capacity of Vault for School Building Having an Average Attendance of 15 Children Per Day (For other buildings 
deduct or add as the case may be). — 

Amount deposited per child for a 1-mo. school period, approximately 1 gal. 

Total deposit per child for a 9-mo. school period, 9 gal. 

Total deposit for 15 children for 9**mo. period, 135 gal. 

A vault as shown in Fig. 5, 2 ft. 8 in. wide, by 4 ft. 8 in. long, by 6 ft, 0. in. deep — 62 cu. ft. = 466 gal. 



In determining or estimating the length of tiime a vault will serve without cleaning, proper allowance should be 
made for evaporation, soil absorption, etc., of liquid contents. This depends upon the character of the soil and 
whether the soil is reasonably free from water. Approximately 80 % of the deposits are or will turn into liquid by 
bacterial action and decomposition. 

Accordingly, a vault of the above capacity, located and constructed to permit leaching of the liquid contents, 
should serve from 12 to 16 yr. without requiring cleaning out of the contents. 

A vault of above dimensions and water-tight construction, allowing for natural elimination of liquids by the 
process of evaporation, which is enhanced by the vault ventilator, will require removal of the contents once in every 
6 yr. 

Vault capacities for larger privies should be estimated in accordance with the foregoing information. In 
most cases large vaults are preferable. 

Floor Design, Materials j and Construction . — The floor should preferably be made of concrete, reinforced with 
steel rods where necessary (Figs. 2 and 3). The top coating should be applied as soon as possible ^ifter laying the 
concrete. If for any reason the top coating cannot be applied until the concrete is hard, then the surface must be 
thoroughly cleaned and washed with a cement grout. The top coating should be at least % in. in thickness, of a 
dense, rich mixture, composed of one part Portland cement and two parts sharp sand free from loam, troweled and 
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finished to a smooth surface and properly cured. Experience has proven that in order to obtain the best results for 
toilet room floors, the top coating must be kept in a moist state by proper damp covering for a period from 10 to 
20 days. 

Eloors of wood construction should conform with the following minimum requirements: Joists should be not 
less than 2X6 in. of sound material placed 16 in. center to center; end pieces and headers erf same size and material; 
wall support extending across rear of vault composed of tw'O 2 X 8-in. joists, constructed in accordance with cross 
section of privy shown. The floor should consist of 1-in. dressed, matched flooring free from knots and other 
iefeets, laid tight, in a workmanlike manner, and kept well painted and in such condition as to prevent absorption. 
A. double thickness of flooring is recommended. 

Construction of Floor and Seat Risers . — The floor, wall base, and riser in front of the seats should be made of 
uiaterial other than wood, which does not readily absorb moisture, such as concrete faced with cement or other 
smooth, non-absorbent material w’hieh can be easily cleaned (Fig. 2). 

When wood is used as a substitute for concrete in the construction of floors, base, and seat riser, it should be of 
good quality, constructed as shown, and w’ell protected wuth water-proof paint (Fig. 4). 

Walls of Shelter-house . — The frame wmrk for a privy of wood construction should consist of 2 X 4 in. studdings, 
dressed where exposed, and placed as indicated on the floor plan on cross sections shown. 

Interior walls should be lined with dressed flooring and 
exterior walls covered up wdth a fair grade of dressed shiplap, 
drop siding, or a high-grade matched flooring. 

Door, windows, etc., should be well trimmed. 

The whole work should be executed substantially, in 
a neat, workmanlike manner, with particular regard to ex- 
cluding rain and snow. 

Roof . — The privy shelter-house shown in sketches is to 
be provided -with a roof of ordinary substantial w'ood con- 
struction, consisting of 2 X 4-in. rafters, 2 ft. on centers, 
roof boards and cornice, and covered with a good quality 
of wood shingles, or other adequate roofing material so con- 
structed as to exclude snow and rain. 

Save Troughs . — The roof should have eave troughs of 
sufficient size and substantial materials, placed as indicated 
on the sketches, so as to shed water from the approach, 
door, and vault cover. 

Windows . — The window glass area for a privy containing 
one or tw’o seats should be at least 4 sq. ft. and 2 sq. ft. addi- 
tional for each additional seat. Two feet of urinal space is 
equivalent to one seat. These windows should be hinged at 
the bottom so as to swing inward, and be provided with a 
suitable latch lock at the top and a transom rod or short 
chain to control the window. Windows should be so con- 
structed that they can be opened to give adequate ventila- 
tion and should be equipped with outside screens. 

Door . — The door should be at least l^-i in. thick, from 2 
ft. 4 in, to 2 ft. 6 in. wide, and from 6 ft. 6 in. to 7 ft. high; 
hung with substantial hinges and provided with lock and 
key. A reliable self-closing device should be provided for 
the door, such as a spring or housed-in weight. 

Partitions , — Seats should be separated by a wood parti- 
tion securely anchored at bottom and top, and not less than 
5 ft. 6 in., nor more than 6 ft, in height from the floor. A space of 10 to 12 in. should be left between the floor 
and the bottom of each partition. 

Each urinal trough should be so located as to have back and ends or walls to give privacy. 

Number of Seats and Urinals . — For places of employment or similar public buildings, one seat should be allowed 
for every 20 females, and one seat and one urinal for every 40 males. For schools, one seat for every 20 females or 
fraction, except for grammar and primary grades, w'here there should be one seat for every 15 females or fraction; 
and one seat and one urinal for every 40 males or fraction, except for grammar and primary grades, where there 
should be one seat and one ui'inal for every 30 males or fraction. Each 2 ft. of urinal space is considered equal 
to one urinal. 

Seats . — The seats for each privy should be made of wood painted and varnished to make them impervious to 
moisture, and may be provided with tight-fitting covers. 

Seat openings should be S X 10 in., oval in shape, and should begin in. from the front or seat riser (Fig. 1). 

Urinals i — The urinal shown in Figs. 1 and 3 should be designed and constructed of materials and in a manner 
to conform with the sketches. The wall, ends, and approach must be of non absorbent material. When 
made of concrete, a rich cement-finished, smooth facing, asphaltum-coated, must be provided. When made 
of woo.d. the walls, ends, and floor must be provided with a No. 24 galvanized iron (or heavier) facing, and be 
ssphaltum coated. 

To make a concrete urinal non-absorbent the following is required: A top coating % in. thick, of a dense, rich 
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mixture, composed of one part Portland cement and two parts sharp sand, free from loam, troweled and finished to 
a smooth surface. Wall and ends of the urinal should be asphaltum-coated, the coating to be renewed^whenever 
iioceasary. (An asphaltum coating can be applied successfully only on a perfectly dry surface.) 

Ventilation of Vault and Shelter-house. — The space under the seats should be ventilated by a vent pipe (Fig. 3), 
which should have an opening 5 in. square for every square yard or major part thereof of the vault surface. 
This vent pipe should extend upward from the vault through and at least 3 ft, above the roof, and be con- 
structed of wood or No. 24 galvanized sheet iron. Thus a two-seat privy should have a vent pipe 4 X 12 in. or 
its equivalent in size. It is recommended that this 
ventilator be equipped with an efficient vent hood to 
guard against down-drafts (An efficient ventilator is con- 
sidered to be a vent terminal provided with a hood of the 
siphonic action type, or its equivalent in some other type 
which will promote the ventilation.) 

Service or Broom Closet. — The service closet should be 
substantially built of dressed lumber, well braced, and pro- 
vided with floor, ceiling, door, and ample shelving. A space 
from 6 to 12 in. should be left between the floor and the 
bottom of the cabinet. The top of the cabinet should be 
not higher than 7 ft. above the priv’-y floor. This closet 
should be equipped with broom, mop, bucket, soap, toilet 
paper, lime or other disinfectant, and any other materials 
necessary for maintaining the toilet in a sanitary condition. 

Entrance Screen. — The entrance to the privy should be 
provided with an adequate screen of wood, metal, or its 
equivalent, so placed as to shut off the interior view. This 
screen may be of wood lattice construction supported by posts and substantially anchored. A space from 6 to 
12 in. should be left between the ground and the bottom of the screen. The top of the screen should be from 

to 6 ft. above the surface of the ground. 

Painting of Woode7i Privies. — The exterior of privies of wood construction should be well painted, and the 
interior walls, partitions, and ceilings should be well covered with non-absorbent white or light gray paint. 

Designation of Sex. — Each priv'y should be distinctly marked with regard to the sex using it, and no 
person should be allowed to use a privy assigned to the other sex. 

16. Earth Excavation or Pit Type. — Where the ground has sufficient 
stability to prevent caving in, the earth pit (Eig. 5), properly protected near the surface of the 





ground, may under favorable conditions successfully be substituted for the permanent type, 
of vault. Its advantages are simplicity of construction and the easy removal of the shelter- 
house to a new location and pit; the disadvantages areits unsuitability in low or swampy lands,- 
in soil not free from water or of seamy clay or rock formation, or where there is danger of pol- 
luting surrounding soil or water supplies. For other particulars consult vault requirements in. 
the preceding article. 
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l c, Water-tight Vault Type. — The design and construction of this type of privy 
are in every particular the same as those of the deep vault, except that thevault is of water-tight 
construction (Figs. 3 and 6). 

The vault content of this type is in most cases found in a semi-liquid state except where 
each successive deposit is covered by a layer of ashes, lime, or dr^’" earth. Contents must be 
removed at more frequent intervals than required with the soil absorption type. The use of 
this privy is now generally required wherever there is danger of contaminating a drinking water 
supply. 

l d. Septic Privy {Commonly Known as the L. R. S. type ). — The so-called 
septic privy consists of a tank usually having two or more compartments of substantial water- 
tight construction, each of a certain required capacity. The first compartment, or receiving 
chamber, is situated below the seat opening. The tank is provided with one or more manholes 
so placed that the interior is made accessible for cleaning. BafSe walls and inverted outlets 
are so placed and constructed as to allow the liquids to pass over to the disposal unit (Fig. 7), 

Capacity and Depth — The size of the compartments should be based on the number of 
persons using the privy. The first compartment (the liquidation and sedimentation chamber) 
should have a minimum capacity below the water line of at least 25 gal. per person using the 
privy, but in no case should the liquid contents capacity of the first compartment be less than 
100 gal. and the depth less than 36 in. The second compartment (liquid effluent chamber) 
should have a minimum capacity of 6 gal. per person, but in no case less than 50 gal. 

Capacities and dimensions in accordance with the following table are considered good 
practice to follow: 


Number of per- 
sons using 
privy 

Capacity of first 
chamber below 
waterline 
(gallons) 

Capacity of second 
comp’t below 
waterline 
(gallons) 

Volume depth 
(inches) 

Distance above 
waterline 
(inches) 

Combined length 
of absorption 
trenches 
(feet) 

5 

125 

50 

36 

12 

20 to 30 

10 

200 

75 

40 

to 

30 to 40 

15 

275 

100 

40 

24 

40 to 50 
(Fig. 7) 


Disposal of the Effluent . — Disposal of the liquid flowing from the second compartment is 
effected by means of soil absorption in a manner similar to the disposal of effluent from resi- 
dential septic tanks, or as described in Art. 2 relating to chemical closet tank contents dis- 
posal. Owing to the comparatively small amount of liquid to be disposed of, a much less 
amount of drain tile or trench is required. 

Operation . — It is obvious that, although by bacterial action the septic privy changes the 
major part of solid wastes into liquid, the liquid and solid wastes still are as dangerous to 
health as is the original fecal matter. Care must be exercised, therefore, in their disposal and 
the system operated in accordance with the principles under which the system functions, 
namely : 

1. On the completion of the system or before it is placed in use, the vault must be filled with water (prefer- 
ably rain water), 

2. Water must be added at frequent and regular intervals so as to maintain an approximately fixed water level. 
Five or more gallons per week are usually required, depending on the size of the vault and the degree of loss by 
evaporation. 

3. Sludge or residue must be removed from the bottom of the vault whenever it rises to exceed a depth of 
one-fourth of the liquid contents. 

4. Heavy surface scum must be broken up at intervals and allowed to settle. 

5. All material other than fecal matter, toilet paper, and water must be excluded. 

6. Disinfectors, deodorizers, and other chemicals must be excluded because they retard materially bacterial 
action, and liquidation. 
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In connection with public places, the foregoing maintenance principles generally must be 
followed. It is obvious, therefore, that this type of privy is not suitable for public or semi- 
public buildings. 

The principal installation factors that require observance are : 

1. Location of the privy with reference to sources of -water supply. 

2. Character of the soil as to effective and safe disposal of tank effluent. 

3. Design and capacity. 

4. Water-tight vault. 

5. Effective vault ventilation. 

6. Climatic conditions (protection against frost, etc.). 

7. Regular and systematic maintenance. 


Ifc is claimed that this type of privy, under suitable climatic and certain other favorable 
conditions, has some advantages over the common type. Its satisfactory operation under all 
conditions has not as yet been established, nor has it been proven that it makes for a reduced 
cost, less care, or a safer disposal of the vault contents. 

le. Commercial Septic Privy. — ^Various makes of this type can be found in the 
market, similar in principle of operation, design, and construction to the septic privy previously 
described. 


1/. Removable Bucket or Receptacle Type. — A privy of this design differs from 
the other types treated only insofar as it is 
equipped with a removable, water-tight bucket 
or larger receptacle for receiving the fecal de- 
posits, rather than with an underground con- 
tainer of other vault types previously described 
(Fig. 8 ). 

The advantages of the removable bucket ' 
privy are: (1) It may be erected and removed 
quickly; (2) it involves a low initial cost; and 
(3) when effectively operated, it guards against 
pollution of the surrounding surface, soil, or 
water supplies. 

The disadvantages are: (1) Its capacity is limited according to the size of the receptacle 
and the number of users, thus requiring regular and frequent attention. Generally this degree 
of care is not given, resulting in overflowing vaults and highly dangerous conditions. (2) 
Deposits are more accessible to flies and vermin than in any of the other types of privies des- 
cribed. (3) The deposits are more subject to sun heat than those in deep vaults, thus intens- 
ifying putrefaction and fermentation and causing offensive odors. (4) In cold climates the 
bucket contents are subject to frost, making satisfactory removal more difficult. 

Important requirements relating to design, construction, use, and maintenance include 
the following : 



Fig. 8. — Bucket type pri-vy. 


1. It is highly essential that the enclosure or box housing the deposit containers, bucket, or other receptacle 
be made fly-proof, and built so that the containers can readily be removed and replaced. 

2. That this privy have two or more seats, each provided with a receptacle. 

3. That the receptacles and housing enclosure be so designed that all parts can be maintained in a sanitary 
condition with a minimum amount of effort. 

4. That the seat covers be self-closing and the openings properly designed and constructed with relation to 
the location of the bucket, pail, or larger receptacle used. 

5. That the receptacles be of proper design, kind, weight and quality and of water-tight construction. 

6. That the receptacles must be so located and fitted below the seat openings that they will receive all the de- 
posits without spattering upon adjacent surfaces. 

7. That satisfactory means for regular disposal of the deposits be provided. 

8. This type of privy, being affected by climatic conditions (heat and cold), it is essential that during warm 
weather each successive deposit of fecal matter be covered with a layer of dry earth in order to absorb moisture 
and reduce odors. 

9. That the privy entrance door be selfrclosing. 

10. Wherever practical, the rear of the privy should face the north or northwest in order to avoid the rays of 
the sun. 
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11. That effectiye ventilation be provided by means of a vent pipe extending from the bucket enclosure to a 
point above the shelter-house. 

This type of priv^^ usually proves unsatisfactory in respect to service and comfort in 
that it requires more care than the average individual is disposed to bestow upon it. If it is 
to render a reasonable degree of adequate ser\dce and prove safe for the public, it must be 

under the direct supervision of a highly devel- 
oped, effective, community scavenger service 
system. 

Ig. Double Compartment, 
Alternating Use, Shallow, Water-tight Vault 
Type, — This type of privy must always have 
two or more seats, each provided with a sepa- 
rate vault of sufficient capacity to allow for a 
six months’ or longer rest period for the vault- 
deposits, which is accomplished by alternating 
use. The fecal deposits are thus seasoned, 
making the final disposal of the residue less 
dangerous and objectionable. The alternating method of use to promote the seasoning of 
the vault contents still is in the experimental stage. Experience with park, fair-grounds, and 
similar vaults unused for a considerable time (often six months or longer), has demonstrated, 
through the rest period thus gained, that the objectionable odors usually prevailing in and 
around the vaults can be to a large extent eliminated. 

This type of pii\T should be operated as a dry vault, which can be done by covering each deposit w’ith dry 

earth, lime, or ash, or a mixture of either of these, or it may be operated as any other common vault. It should be 

understood, however, that the vault has a limited capacity, and that 
■its contents in either case must therefore be removed more often 
than is necessary with larger vaults. 

Operation Precautions. — Nothing but fecal deposits, 
toilet paper, or earth, lime, or ashes used for covering 
deposits should be allowed to enter the vault, and an 
adequate quantity of this material should be used to 
maintain the vault in a semi-dry state. Before the 
vault has been used, and after its cleaning, a layer of 
horse manure 2 in. thick should be placed on the bottom 
of the vault, and this followed by a layer of dry earth 
mixed with lime to a depth of 2 in. This will aid materi- 
ally in the decomposition of the contents. The resting 
compartment must not be used during the seasoning 
period, and effective vault ventilation must be 
maintained. 

2, Chemical Closets- {Type: Bowl and Tank). — A 
chemical closet system consists of a vitreous china, 
trapless bowl, equipped with a hinged seat and cover, 
similar in design and dimensions to the railroad coach 
bowl. It differs from the modern water-flushed bowl 
in its design, is larger, and lacks the water-sealed foui-air-excluding trap. 

Deposits in the bowl are conveyed through an untrapped metal tube or pipe to an iron tank 
and retained in a strong chemical solution for sterilization and deodorization. Removing of 
offensive odors emanating from the tank, bowl, and room is made effective by extending from 
these units a vent pipe of metal construction within the building and through and brought 
above the highest point of the roof. 



d 


To 


5h9}f^r~h^^ 



Tig. 9 . — Shallow vault type privy. 
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Liquefaction and sterUizatlon^ of fecal matter and its deodorization are accomplished to a 
marked degree by the action of the caustic soda solution with which the tank is charged to about 
one-fifth of its capacity. Bemoval and recharging of the tank contents are required about 
every 6 mo. (Fig. 10). 

Chemical closets, frequently defined as “waterless toilets,” are still in the advanced stages 
of successful development. The degree of satisfactory service this type’of closet will render 
depends, obviously', upon the specific conditions existing, as well as upon the type or make of the 
system, the proper manner of installation, its use by the individual, and the care given it. Like 
other types of waterless conveniences, chemical closets do not afford supplementary sanitary 
aids, such as running drinking water, bathing or washing facilities, and to this extent, where 
other conditions are ecjual, they are deficient when compared with water-flushed toilets, so far as 
they contribute to personal convenience, comfort, hygiene, and general sanitation. 



In localities where public water supply or sewerage systems are not available, or where an 
efficient private water supply system of the “compressed air storage” or “air pressure delivery” 
type or its equivalent cannot reasonably be provided and maintained, or where the lay of the 
land and character of the soil are such that the effluent from a sewage treatment tank cannot suc- 
cessfully be disposed of by one of the variously known methods, a chemical closet conforming 
with the minimum requirements outlined in this chapter wiU, under certain favorable conditions, 
give a degree of satisfaction. 

The majority of states and smaller municipalities have no regulations prohibiting use of the 
chemical closet except where public sewer and water services are available. A few states grant 
permission to install such closets under permits, subjeeb to rules and regulations. Character 
of the premises, kind of building, purpose for which it is to be used, type of system and method 
of installation are all taken into consideration in passing upon the approval of the installation. 
In granting permission the state or local governing body usually makes it plain in the permit that 
it does not assume responsibility for the satisfactory operation of the installation in whole or in 
part, and that it reserves the right to order the removal of the system should conditions dangerous 
to health arise through its use. 

In order to insure a proper degree of comfort, safety, and sanitation, the installation should 
conform in every respect with the federal, state, and local requirements relating to (1) number 

1 Purification through, the destruction of bacteria and other disease-producing organisms takes place in ac- 
cordance with the degree of the phenol coefficient of tdie chemical solution, which is subject to deterioration result- 
ing from fecal and urinal deposits. 
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and kind of fixtures, (2) '‘housing” design of enclosure, {Z) standards of construction, (4) kind of 
materials for floor, walls, and partitions, (5) effective room ventilation through exterior windows 
and vent flues (as the case may require), (6) adequate light, (7) proper location with regard to 
convenience and privacy, and (8) its maintenance, as demanded by the special make of closet 
and appliances to be adopted (Fig. 11). In the main these essential requirements conform with 
those for water-flushed toilets. 

The materials entering into the various units comprising the system, must be of proper 

design and durable construction, and so 
installed and maintained that the highest 
possible degree of efficiency is insured. 

Tank . — The tank should be cylindrical or oval in 
form and be made of durable, best-grade iron or 
steel, not less than No. 14 gage, thoroughly coated 
on the outside with asphaltum, applied hot, or with 
other approved compounds. The exterior of the tank 
where not exposed should further be protected by 
two or more coats of burlap, each laid in hot asphal- 
tum or some other efficient waterproof covering. 

It is considered good practice to require that the 
operating capacity of the tank for a single-bowl 
installation for ordinary use be from 125 to 150 gal. 
and increased in the ratio of 100:125 gal. for each 
additional bowl. For school building use, the tank 
capacity should not be less than 10 gal. per pupil 
based on a 9-mo. school period. 

The operating capacity of the tank shall, in all 
cases, be based upon the seating capacity of the school, 
and no such tank shall have a capacity of less than 
10 gal. per pupil. One tank of 200 gal. capacity shall 
be installed for every 20 females or fraction, and one 
tank of like capacity for every 20 males or fraction. 
All such tanks shall be increased [in the ratio of 10 
gal. for each additional 15 sq. ft. of classroom floor 
area], equivalent to a ratio of 200 gal. for each addi- 
tional 20 females or males or fraction, tributary 
reto, in accordance with the following table: 


Tank CaJ‘ACities 


School seating capacity 

Floor area of classroom, 

_ square feet 

Number of tanks 

Minimum capacity of 
each tank, gallons 

40 

600 

2 

200 

80 

1200 

2 

400 

120 

1800 

2 

600 

24 

360 

2 

120 

30 

450 

2 

! 150 


Exception: Existing schools actually having a capacity of less than 40 pupils may install smaller-capacity 
tanks, but no such smaller tanks shall have a capacity of less than 125 gal., or less than 10 gal. per pupil, tributary 
(based upon the seating capacity of the school in accordance with the above table); and no such tank shall be 
equipped with more than one bowl for females and one bowl for males, and all such tanks shall be so installed that 
they can conveniently be drained of their contents and re-charged. 

Note. — The above requirements are based upon the following: 

1. That the attendance of the different sexes be equally divided. 

2. That a 9-mo. school period be maintained. 

3. That the school may be used for community or civic meetings, etc. 

4. That deposits per child and other liquids, such as chemical and bowl washings tributary to the tank, shall 
equal not more than 10 gal. per child for the period stated in item 2. 

Note. — It is recommended that there be one bowl and one urinal for each 15 males and two bowls for each 
15 females. 

Occupational use of the building and facilities for successful removal of tank contents and the care of the 
system are factors that must be taken into consideration. 
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It is important to have openings properly spaced with relation to all fixtures tributary and that joints and 
connections subject to liquid action be made properly by means of riveting or welding, or in other approved manner. 

Drop Tube. — The connecting or drop tube between the bowl and tank must be free from offsets. It is recom- 
mended that it be 11 or 12 in. in diameter and not more than 4 ft. long (shorter where practicable), and that it 
be made of substantial and durable materials capable of withstanding the eroding effects of urine. Materials with 
this qualification include copper, lead, brass, cast iron enameled on the inside, or some other non-absorbent, smooth 
finished and indestructable material. 

All waste carrying tank inlets should extend into the tank from 1 to 2 in. so as to convey urine directly to the 
chemical solution or the tank’s liquid contents. 

Ventilation. — The ventilating system should be so designed that it will prove effective under specific condi- 
tion®. For a single fixture a pipe of 4-in. dimension or larger (and correspondingly large for additional fixtures) , 
free from horizontal changes in direction, usually is extended within the building to the nearest high point of the 
building, carried through the roof two or more feet, and the vent terminal surmounted with an effective vent 
hood of the siphonic action type. Or if desired, forced ventilation by means of motive power or heater may be 
adopted. 

The material and joints used for ventilating devices should be substantial and of a quality capable of with- 
standing the action of moisture and gases emanating from the fixtures and tank. 

Certain basic factors in connection with the system are such that it is essential at all times to maintain ven- 
tilation through the closet bowl in addition to satisfactory ventilation of the intervening room, sometimes termed 
the “buffer” room. 



Fig. 13. — A disposal medium for the tank contents of a chemical closet. 


Agitator .-—Th-Q agitator, or tank contents mixer, must be of proper design and substantially constructed, and 
so located, designed, and installed that it may at all times be conveniently and effectively operated. 

Joints. — Joints between the bowl and drop tube and between the tank and drop tube, and all other joints, 
should be made in a durable manner, air- and water-tight. 

Valve and Drain. — The tank should be provided with an accessible water-tight valve controlling the outlet 
drain. Unexposed tanks should be equipped with suitable valves placed within the tank directly beneath the clean- 
out opening. In no case should the drain and valve opening be less than 3 in., and unexposed drain less than 4 in., 
inside diameter. Drain valves placed outside the tank should be of a size equal to the inside diameter of the 
drain outlet. The drain should be attached to the tank by a flange properly riveted or welded to it, tapped and 
threaded for 4-in. screw pipe. 

Protection from Frost. — The system must be so installed that any part affected may amply be protected against 
frost. 

Disposal of Contents. — With certain limitations the disposal of tank contents may be accomplished through 
one of the following methods; 

1. Pumping or dipping and hauling away, a process proven by experience in most instances to be impracticable 
and unsatisfactory from the standpoint of service and sanitation, except under certain very favorable conditions 
in the private home. 

2. By discharging into a dry well or leaching basin (Fig. 13) consisting of an underground chamber or well 
provided with a manhole and cover, walled up with material allowing the liquids to percolate through it, such 
as dry rubble or brick work. The capacity should be at least 2 to 6 times that of the tank contents volume. The 
lower limit is to be taken for clay or compact soil and the upper limit for sand, gravel, or eqjial soil, or by means 
of a combination trench and dry well. The more important requirements which must be taken into account 
are the lay of the land, character of the soil, amount of liquid, character of waste to be disposed of, location with 
respect to wells or other water supply sources, and grade (not less than H in. per ft.) of the drain from the tank 
to the basin. 

Accessibility. — The cleanout opening of the tank should be so located, and where practicable the tank so 
encased, that access to it for inspection purposes may be readily possible. When the cleanout is placed outside the 
building, it should have a concrete manhole and over. 

Tank cleanouts should not be placed within the building when it is proposed to remove the tank contents 
by pumping or dipping. 

Chemical. — The phenol coefficient of the chemical used should be clearly stated on the package or container 
of the manufacturer, and the chemical should be a dry caustic of standard commercial quality with a phenol coeffi- 
cient of at least 15. The charge per bowl or urinal is from 20 to 30 lb., dissolved in water according to the manu- 
facturer’s instructions. The chemical solution thus used must be maintained at all times of such strength as to 
sterilize effectively the contents of the tank. 
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Care o/ the System. — It is extremely important in securing serviceability and sanitary efficiency that the 
installation be maintained clean and in good repair. It should be operated in accordance with the manufacturer’s 
instructions and state or local regulations. 

Guarantee. — The engineer, architect, installer, or owner should require the manufacturer to give a bona fide 
guarantee governing all parts of the system and its successful operation, as set forth by the manufacturer and in the 
terms of agreement and contract. 

The data given in the foregoing paragraphs are intended to serve as a guide for installations 
to be placed within or in connection with buildings serving for human habitation. Certain 
minor modifications as to building structural features may perhaps, in some cases, be permissible 
where the system is housed in a detached outdoor building. It is extremely important, however, 
that all such installations be carefully planned, specified, and installed. 

3. Portable Chemical Closets. — The portable type of chemical closet consists of a cabinet 
constructed of wood or metal, equipped with a removable metal can or bucket, and charged 
with a caustic chemical solution (soda dissolved in water) in the ratio of approximately 1 pt. of 
chemical to 3 or 4 pt. of water. 

Disposal of the bucket or can contents must receive attention at regular, frequent intervals, 
and must be accomplished in such a manner as not to create a nuisance or 
other objectionable conditions. 

Ventilation of the cabinet, bucket, and room is sought by extending a 
vent pipe from the cabinet through, and to a point above,, the roof (Fig. 14). 

There are numerous makes of these portable closets offered to the trade,' each with attrac- 
tive names and promising inducements. Experience and trial installations have repeatedly 
demonstrated, however, that this type of chemical closet is, in the large majority of cases 
entirely unfit for public or semi-public building use. If the portable chemical closet fills a 
need, it must be found in the home, where the service it will render depends on the manner of 
installation and the regular care that it is likely the individual user will give to keep it in 
a proper sanitary condition. If permitted at all, its use therefore should be restricted to the 
private home or places where the same degree of intensive care is devoted to its maintenance. 
Pig. 14. — Portable The Chem-o-let type shown in Fig. 12 is of more recent design, supplements the portable 

chemical closet. type, and is capable of rendering satisfactory service for small homes and summer-cottage 
use. It is proving a factor iH replacing the common and objectionable outhouse. 

4. Dry Closets (Type: Heated Air Circulation and Burning Out of Vault Contents ). — 
The diy closet system as now designed, constnicted, and operated may be defined as a sanitary 
appliance of questionable merit. It consists of a vault equipped with toilet seats, urinal, air 
ducts, dampers, heaters, etc., and is intended to dispose of urine and excreta by means of 
warm or heated air and periodical burning out of the remaining diy fecal matter. The satis- 
factory functioning of the system is subject to numerous conditions, including design, construc- 
tion, materials, occupational use of the building, and the necessity of constant care in its 
operation. 

Seat and Hopper. — These comprise a hinged self-closing seat fitted to an iron ho]-)per of special design and con- 
struction, attached to a cast-iron plate mounted over a water-tight vault or duct (Figs. 17 and 18). 

Urinal, — This consists of a stall rising from the floor, constructed of glass, slate, iron, or equally suitable and 
substantial non-absorbent material. The bottom of the stall has an open trough or gutter leading directly to tiic 
vault or into a ventilated water-tight duct terminating in the drying vault (Fig. 19). The floor of the toilet room 
should slope from all points toward and into the urinal trough. 

Deposits . — The urine or fecal deposits made in the bowl or urinal are retained in the vault, the liquids evapo- 
rated, and dried solid matter disposed of by cremation, or “burning out” (Fig, 17). 

Vault. — The vault is of water-tight construction, square or oval in form, 3 to 4 ft. in width, 4 to 5 ft. in deptli, 
and of a length as may be required but not to exceed five seats in a run, and is equipped with drying decks and air 
passages (Figs. 18 and 19). 

Disposal of Vault Conteyits. — The capacity of the vault or duct below the seats is such that the accumulating 
excreta must be removed at regular intervals. This is accomplished (1) by placing a small amount bf wood directly 
below the seat opening (Fig. 17) before the system is put into use and operating it so as to dry thoroughly the vault 
contentsi (2) by firing the stack heater so as to produce an effective draft (Figs. 15, 16, and 17), and saturating the 
dried excreta deposits with kerosene oil, starting the burning out fire at the scat opening nearest to the foul air stack,' 
and adjusting air intakes, dampers, etc., as the process may require; and (3) bj^ removing and disposing of the residue 
in a proper manner and placing the system in good repair and effective operating condition. 

Stack or Vault Heaters. — The system functions by means of air circulation, and is therefore dependent upon 
a large volume of warm air having a constant flow through the vault. To accomplish this, a vent flue or stack 
of brick or equivalent construction is placed at the end of the “run” or vault, in the base of which an adequate fire 
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must be kept at all times while a deposit remains in the vault (Fig. 17), When air is taken from outside the build- 
ing or where the foul air from the building is used and is not sufficiently heated, a vault heater is placed in the 
inlet end of the vnrult in which a fire is maintained for the purpose of heating the air to a degree necessary to dry 
the vault contents and effectively ventilate without interruption through the stack, vault, seat, urinal, and toile* 
room (Fig- 17). 


/ba/a-r 
A ^fockheakr / 


Ou^ide air /ntake-. ^ 
fpuJ a/ r from i -7 


fre^ 



''-roul air cham/oer 


Fig. 15. — Typical floor plan of dry closet system. 
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( VaudbeoderoTjd, 
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Fig. 16. — Alternative floor plan of dry closet system. 



Location 0 / Sydem . — Toilet conveniences and appliances in connection with this type of system must in nearly 
all cases be installed in the basement of the building (for arrangement consult Figs. 15 and 16). 

Alternative Installation Details . — An adequate exhaust fan may be used as an assistant to the stack heater. If 
used without the heater it must be in two-unit form so that one can be kept in constant operation. When vault- 
drying air is taken from the outside, vault heaters must inwall cases be used (Figs. 15 and 16). When air is takwx 
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from the building dampers or shutters must be used to prevent back flow when the building is not occupied or in 
cases when fire in the heaters is not sufficient to maintain effective ventilation. 

Where the room is of sufficient height, the horizontal inlet duct or flue may be placed above the basement floor. 
Where the basement is subject to water above or below the floor line, underground air ducts must be of water-tight 
construction and the vault placed at a sufficient height above the floor and be so built as to exclude water from the 
ducts or vault. In order to dispose of the unevaporated liquids, the bottom of the vault may be sloped toward a 
suitable point and carried by an adequate drain to a dry well or gravel absorption trench. 

The engineer, architect, designer of the building, installer, or owner, as the case may be, 
should provide: 

1. That the installations conform with federal, state, and local requirement relating to “housing,*' sanitation, 
and maintenance 

2. - That the materials and construction of the various units comprising the dry closet system be of proper design 
and so installed that the highest degree of efficiency possible is insured. 

3. That the vault and conveyors be of proper design and water-tight construction. 

4 That the cross section vault area below the seat hopper be of adequate capacity, at least 30 % larger than 
the combined foul air conveying flues connected therewith, and that the open space below the grates be at least S 
to 10 in. in height. 



Fia. 18. — Cross section 
Fig. 15. 



5. That the foul air duct, stack, vault, and heater, or heaters, be of adequate capacity and that a fire be main- 
tained either in the stack, or vault heaters, or heating system at all times when reqmred, so as to insure proper 
ventilation. 

6. That the foul air duct, or ducts, be provided with a damper of efficient design and conveniently located, and 
that the foul air removal system be so constructed as to exclude, under all proper conditions involving maintenance, 
obnoxious odors from any part of the building and so that it will comply with all established fire protection 
requirements. 

7. That the duct or fliue containing the stack heater be extended to a height from 8 to 10 ft above the highest 
part of the building 'so as to insure effective ventilation. 

8. The seat hopper shall be so designed and of such material that it can be kept clean and be provided with an 
approved seat. 

9. That the urinal be made of non-absorbent materials such as glass, slate, or iron enameled. 

10. That the vault be burned out and cleaned and disinfected twice each year and oftener if necessary. 

11. That the installation at all times shall be maintained in a sanitary and serviceable condition, and the 
material, when removed from the vault, be disposed of in such a manner that a nuisance is not created. 

6. Incinerator Closets {Army, Portable^ and Stationary ). — The portable type consists of a 
tank mounted on wheels or otherwise made portable, one end provided with doors and the 
other with a smokestack. The interior of the tank is equipped with a deposit-receiving plat- 
form, fire grate, and ash pit. Seats are mounted on the exterior of the tank. 

The stationary type is similarly designed, constructed, operated, and maintained. 

The market offers various commercial types similar in principle. 

The practical utility of all closets coming under the scope of this heading is Kmited to certain specific condi- 
tions, and when located properly in the open can be operated with a marked degree of safety. 
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PLUMBING AND DRAINAGE 

By S. E. Dibble and Frank K King 


PLUMBING AND DRAINAGE— GENERAL INFORMATION! 

By S. E. Dibble 


1. Main and Building Sewers. — The main sewer is that part of the sewerage system which 
collects the sewage from the municipality or from a number of buildings and carries it away to 
the disposal plant or terminal. The main sewer generally runs through the streets or alleys at 
a depth of 9 to 12 ft.; it may, however, lie at a lesser or greater depth. There are branches and 
junctions placed for the accommodation of building sewers on either side of the street at intervals 
depending on the width of the lots, etc. The exact location of the outlets may be ascertained 
fr^m the plans filed in the office of the Department of Sewers or city engineer, as the case may 
be. For specific details pertaining to installation, see ordinance provision in the chapter 


following. 

2. Subsoil and Trench Drains. — Surface water percolates through the surface earth and 
saturates the subsoil. Unless taken care of and carried away from the site of the building, this 
water will find its way into the building through the foundation walls and floors. To avoid 
this it is good practice to install a subsoil drain all around the building at the level of the founda- 
tion footings. Joints of tile pipe used for subsoil pipe should be left open to allow the water 
to find its way into the bore of the pipe and thus be carried away from site. The refill 
above the subsoil pipe should be broken stone within 18 in. of grade. Six inches of 
straw should be placed on top of broken stone and then loam to 
the grade. With this refill, water can easily find its way into the 
subsoil pipe. A piece of tarred paper laid over each joint in the tile 
pipe will keep out any sand that might otherwise be carried into 
the bore of pipe and cause a stoppage (Fig. 1). The subsoil pipe 
may discharge into a special trap or pit made of brick or concrete 
which should be connected with the sewer. The subsoil water under 
the building can be collected in a pit by a series of pipes laid under 
the house drain level and pitched toward the pit, from which it 
can be pumped out into the house drain by automatic cellar drainers 
or by electrically controlled pump. The quantity of water to be pumped determines the size 
of the outfit. (Consult also ordinance requirements.) The essential points in the installation 
of subsoil pipes are: (1) Correct depth, (2) pitch, (3) pipe and joints, and (4) refill. 

3. Storm Water Disposal. — It is absolutely necessary that all storm waters that descend 
or flow upon the building or site be disposed of through proper channels. All storm water 
can be collected and carried off by means of roof drains, area drains, yard drains, or catch basins. 
Roof drains should be placed not more than 60 ft. apart, and the size should be in accordance 
with the following table. It is considered better to have a number of small roof drains (1 or 
5-in.) than one large drain. 



Eig. 1. — Subsoil drain. 


Diameter of 
pipe 

4- in 

5- in 

6- in 

8-in 

10-in 


Square feet of sur- 
face to be 
drained 
. . . 2,500 

. , . . 4,500 

.... 7,500 

. . . . 13,600 

.... 20,000 


1 For typical regulations and suggestions, see chapter following, beginning on p. 1324. 
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4, Roof Terminals of Rain Water Leaders. — The connection of the roof gutter with the 
roof drain, if on the outside of the building, should be a slip joinc — that is, the tube which is 



Fig. 2; — Sheet-iron pipe connection Fig. 3, — Storm down-pipe connection, Fig. 4. — Cast-iron pipe connection 
wnth gutter. steel pipe to roof gutter. with roof gutter. 


connected to the gutter with a soldered joint should extend at least 7 or S in. into the roof drain. 
The material of the roof drain pipe when placed on the outside of the building may begalvan- 
r~Mdnhoie ized iron or copper of round, square, or special shape, 

to correspond with the style of building. When the 
•'I* 4- drain is located on the outside of the building and 

on any kind of passageway, the pipe material should be 

// 7 ^ of cast or wrought iron for a distance of at least 5 ft. 

r-. ^bove the ground (Figs. 2, 3, and 4). 

—JT When the roof drain is placed inside of the building, the roof 

I I I 0 ■=’E‘ . joint connection may be made tight by using a flexible joint to 

i ^ * 1— I . 1.;/ allow for shrinkage or settling of the building or pipe. The material 

^ ^ J •' when placed inside of the building should be cast iron, wrought 

^ iron, or steel galvanized. If cast iron is used, the roof joint connec- 

** «('■' tionis made by using a piece of 8-lb. sheet lead pipe wiped onto a 

R heavy brass ferrule which can be calked into the hub of tlie cast- 
's E iron pipe. The lead pipe end can be soldered upon the roof gutter 

* '’k' ■ material. The essential points for the installation of roof drains 

^ I' ^ inside or outside of building are: (1) size of drain, (2) material of pipe, 

J ^ -4 connection with roof gutter, and (4) supporting pipe. 


Section 



-Catch basin. 


5. Yard Drain and Catch Basin. — The yard drains 
gather surface water and should be so constructed that 
they will not become easily stopped by sand and rubbish 
entering the basin and plugging the outlet. The size 
of the drain depends upon the number of square feet 
of surface to be drained. In estimating this surface, 
accounting should be made of adjoining property and 
land that will shed its water into the drain. A catch 
basin similar to that shown in Fig. 5 makes an ideal one 
for heavy use, also for a site where springs abound, and 
a light catch basin might be shifted around w’hen the 
ground is full of water or frost. 


Catch basins can be built of brick or concrete well cemented together and plastered op the inside surface. 
Heavy cast-iron cesspool drains are sometimes used, but they have the objection of being too small insofar as their 
water charuber is concerned, and frequently becoming atmpped up. 
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6. Area Drains. — At their best, area drains are frequently foul parts of the plumbing 
system. It is customar}^ to install a drain in ever 3 " area way, and often no provision is made for 
cleaning out the area way with running water. Facilities for flushing with ahoseshould, there- 
fore, be provided. When siibj ect to frost,, the drains for area ways should have a deep seal trap 
placed within the walls of the building. Unless the seal is deep it will be broken by evapora- 
tion. The bottom of the area way should be cemented and pitch tow^ard the drain. 

7 . House Drain. — The house di*ain is that part of the sew^erage system which connects 
the house sewer with the various branches that extend up through the building. It is generally 
located beneath the basement floor and has cleanouts extending flush or slightly above the floor 
level. Cleanouts should be placed at least eveiy 30 ft. on straight runs and at every bend or 
change in direction of run of the pipe. When the basement floor is below the main sewer in the 
street, the house drain may be extended along the basement wall or suspended from the ceiling. 
Head room must be reckoned Avith w’hen hanging pipe from the ceiling, and at the highest point 
the pipe ma^^ be near the ceiling, and at the lowest point, a distance, according to the developed 
length, figured at a grade of not less than in. per ft. 


The size of the house drain where the main sewer is of the combination type depends upon the number of 
water outlets discharging into fixtures, type of fixtures and apertures, number of people in the building, and num- 
ber of square feet to be drained of storm water. Generally, if the size is figured according to the storm water 
surface the pipe size wdll be ample to carry the discharge from the plumbing fixtures in the building. The pitch 
of the house drain should bo I'i in. to the foot. The material of which the pipe used in the house drain is made 
should be extra heavy cast iron, tar coated. Wrought 
iron or steel pipe, galvanized, can be used when the house 
drain is above the ground. Without doubt, cast-iron 
pipe is the best when used underground. 

The layout of a building is often the reason for 
pluinbing fixtures being located below the main sewer 
level. It becomes necessai’y under conditions of that 
kind to install a sump or tank, to which is connected a 
pump designed to raise sewage out of the sump into the 
main sewer. The sump and pump are connected with 
automatic control, which at a given level of sew'age in 
the sump operates and starts the pump, also stopping 
the pump at the low” level. 

8, Waste Discharge Based on Water Con- 
sumption. — In the 50 largest cities in the 
United States, the per capita consumption of 
water ranges from 75 to 300 gal. per day.^ The 
consumption per capita in a large hotel is about 
100 gal. per day. The usage of this amount of 
water is spread over the entire day. The 
greatest amount will be used the first hour in 
the morning. About 50% of the total amount 
consumed will be used at this time. This 50 
gal, is used as follows: Water-closet, 8 gal.; 

culinary department, 6 gal.; bathing, 32 gal.; washing equipment, 4 gal. 



Knowing the maximum amount of water that will bo used in any one hour of the day, the pipe size is figured 
by allowing 1 sq. in. in sectional area of the drain for each 2 cu. ft., or 15 XJ. S. gal. of sewage to be removed per 
minute. 

The pipe should be large enough to carry away rapidly all solids, and yet small enough to be self-scouring; 
that is, the discharge should fill the bore of the pipe so that all surfaces of the bore will be flushed as the discharge 
passes through. The soil pipe should be securely fastened to the floors and walls. At the bottom of all soil stacks 
a cleanout should be placed. The stack should be supported at the bottom as indicated in Fig. 6. 

Waste pipes should be installed that if occasion demands, they can be cleaned out their entire length. 

9. Lead Waste Pipe. — Weights and sizes of lead pipe are shown in table. The eastern 
states refer to lead pipe as “D, ” “A,'' ^‘AA, ” “AAA, while the western 

^ See also chapter on “ Water Consumption** in Sect. 2. 
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states refer to lead fipe as ^‘Aqueduct, ^'Extra Light, ” “Light, ” “ Medium, “Strong, ” “Ex- 
tra Strong,” and “Extra Extra Strong.” 


Table of Lead’ Pipe 



4-]n. cast-iron pipe occupies a space of 4 in. and a fitting 6 in ; therefore, a 4-in. partition would not accommo- 
date this kind of pipe. ‘When cast-iron pipe is used for a waste pipe, the connection between pipe and fixture is 
made by means of a wiped joint, using lead pipe and a brass ferrule. The life of cast-iron pipe is found to be 
longer than the buildings themselves and, therefore, it makes an ideal pipe for waste lines. 

Tile pipe is not used often as a waste pipe except in some cases as a drain pipe for chemicals, and when so used 
it should have built around it a casing of reinforced concrete. 

10. Vents.--One of the prime reasons for vents on a system of plumbing is to allow the 
water discharged into the pipes to run by gravity through the system of pipes until the main 
sewer is reached and to provide a free circulation of air throughout the system. There are 
various methods of accomplishing this, and the designer of the system should acquaint himself 
with state and local regulations governing in the locality where the building is to be constructed. 
Sketches show approved methods of venting (also see ordinance requirements in the chapter 
following). Unless vent pipes are installed with a system of plumbing, the conditions become 
vile, and the entire building polluted with sewer gas and drain air. The effect of this foul air 
upon the human body cannot be discussed here, but leaving the physical effect entirely out 
of the question, it is inconceivable that in this age anyone would ask another to liv e or work in a 
building polluted with such foul odors or gases. A vent pipe is as important as a waste pipe. 

11 , Traps.—A trap is a vessel holding a body of water and so arranged on the waste pipe 
that sewer gas and drain air are prevented from entering the building through fixture waste. 
A trap has two resisting elements: (1) the amount of water in the trap; and (2) the depth 
of seal in the trap. It is the seal of a trap that makes it valuable. Unless proper venting is 
carried out, the seal of the trap can and will be broken by syphonic action or momentum. 
A deep seal guards these two points. The constant current of air passing through the vent 
pipe and waste pipes causes 'the water in the trap to evaporate. The amount of water in the 
trap guards this point. 

The traps on the market today are made in various shapes and of different metals The 
value of a trap may be determined by comparing it with the following features which all sani- 
tary traps should possess: (1) interior walls perfectly smooth, (2) maximum seal to resist 
syphonic action, (3) all parts exposed, no interior weirs, (4) cleanouts, (5) self-cleansing, (6) 
joints and unions. 
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Traps are placed in three distinct positions: 


Trap connected directly underneath fixture 


Trap cast in fixture 


Trap set flush with floor or underneath floor 


[ Lavatories 
j Bath tubs 
j Kitchen sinks 
( Trays 
Water-closets 
s Slop sinks 
[ Urinals 
' Floor drains 
Shower stalls 
■ Urinals 
Storm drains 
. Area drains 


In an unoccupied bmlding the water is often drawn off to prevent freezing, and when for this reason, the 
water is taken from traps, the latter should be refilled with kerosene which will not freeze and will seal the trap. 


Non^syphoning Traps . — Years of experimenting have brought into use traps which resist, 
under favorable conditions, the action of syphonage. To these traps the name ^^non-syphon- 
ing traps” has been applied. A large variety of these traps is in use and under the present de- 
mands upon plumbing, may fill an actual need. A fixture set in the middle of the room offers 
no practical opportunity for the extension of a vent pipe to the ventilation pipe. Therefore, 
in some instances a non-syphoning trap may be used. The methods of manufacture for these 
traps are numerous. They perform, with certain important limitations, the function for 
which they are designed, yet the devices employed offer an excellent obstruction for the free 
passage of waste water. In time, therefore, the use of these traps becomes inoperative. Any 
trap with an inside weir or partition or with a mechanical 
device to form the seal is today considered unsanitary. 

Grease traps are a distinct type of trap. The function of a grease 
trap is to harden all grease which is discharged from the fixture con- 
nected to it before being discharged into the sewer. Cleanouts are so 
placed that congealed grease can readily be removed from the trap. 

Some types of grease traps are so made that the outside wall is a water- 
jacket and all water used in the kitchen must run through this jacket, 
thus keeping the trap cool and cooling all hot grease that is discharged 
into the trap (Fig. 7). The size of the trap is governed by the volume 
and temperature of the waste water tributary thereto. 

12. Chemical Installations. — The big problem in chem- 
ical plumbing is the matter of waste pipes and waste pipe 
joints. The hot and cold water, gas, and air pipes require 
only special arrangement to supply the particular equip- 
ment of the individual laboratory. Lead pipe for waste in 
a chemical laboratory is the best waste pipe that can be 
had. Any connection in any position and to any material can be made by using lead and 
employing a lead burner to make joints and fit lead correctly. All joints on lead pipe are 
burned or fused by using a compressed air and hydrogen flame. This flame will not oxidize 
the molten lead, and is the only flame in use today that makes a perfect fusion of lead. The 
fusion of lead joints in this way makes the waste pipe one solid piece of lead, no other metal 
being used to come in contact with chemicals. Pure lead pipe of heavy gage is used. Piber 
pipe has good points, such as the resistance of acids, and can be had in different sizes and 
lengths. The joining of pipes and lack of fittings make it hard to install. 

13. Lead Burning. — The art of lead burning is not generally understood and therefore 
its good points are lost where they could beof great value. The mechanic who does lead burning 
is called a ^Tead burner.” Lead burning is fusion welding. Hydrogen and compressed air 
flame are used for this fusion. Hydrogen is generally made in a generator on the job, sulphuric 
acid and zinc being used. Compressed air is obtained by means of hand pump and tank. Hy- 
drogen can be purchased in a tank and used to advantage on small installations. Joints.on lead 
pipes and lead-lined tanks can be made in almost any position. With a perfect neutral flame 
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Fig. 7. — Grease trap. 
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and lead kept clean, a perfect fusion takes place while burning, and if the process is well done, 
the result is a tight, strong joint. 

14. Plumbing Fixtures. — Plumbing fixtures should be located in a well lighted and venti- 
lated room. When a single fixture is installed, it should never be in a dark part of a room and 
never in a closet. Fixtures must be so set that there will be at all times a circulation of air 
around them and daylight entering the room through side windows or ceiling lights. The ma- 
terial of plumbing fixtures must be of nonabsorbent nature, smooth surfaced, and sufficiently 
strong to withstand hard wear. 

14a. Water-closets. — Every closet bowl should be flushed by clean water either 
automatically or by hand. Materials of bowls are iron-enameled and earthenware. The latter 
presents the more sanitary surfaces. Flushing of bowls with water is essential. All exposed 
interior surfaces must receive a thorough flushing after use. 

There are two methods for flushingb owls : (1) by use of closed or open tank, and (2) by direct 
pressure using slow operating (flushometer) valve. To flush bowl thoroughly, scour it and refill 
trap, an amount of water equal to from 3 to 7 gal. being used, depending upon the type of bowl 
and flushing medium. 

To carry off local bowl odors there is provided in some makes of bowls a connection called a local vent. This 
can be extended, using sheet metal pipe, to a draft flue, or connected with a duct to which is attached a fan for 
positive draft. All groups of toilets should be provided with a positive agency for disposing of local odors. 

Essential factors in water-closets are: (1) Design and materials, (2) flush, (3) maximum water surface, (4) 
minimum fouling surface, (5) size of trap, throatway, and outlet, and (6) amount of water required to produce 
effective flush. 

146. Urinals. — Urinals may be divided into three classes: (1) wall fixture, 
(2) stall, and (3) trough. For the owner, urinals present one of the most disagreeable fix- 
tures to install and operate satisfactorily. The wail fixture is at its best a somewhat unsani- 
tary device. As a fixture it completely performs its functions of flushing and discharging waste, 
but it is not of proper design nor large enough to completely handle all necessary conditions. 


The trough urinals present the same objections, while the stall urinal 3^^ to 4 ft. high and 2 ft. wide, with a 
flushing surface its entire length and width, is nearest to ideal and should be selected for installation. With each 
discharge of the flushing device the urinal should receive a thorough flushing with clean water. This discharge 
may come from a tank having intermittent flushings or by means of a flush valve, operated by hand when necessary. 
The best designs of urinal are: (1) having complete flushing of surfaces exposed, (2) made of a nonabsorbent 
material, (3) entire fixture in one piece, and (4) provided with effective local ventilation. 

14c. Lavatories. — ^Lavatories may be divided into two classes: (1) types which 
have backs and ends and are supported from walls, and (2) those on pedestal and which have no 
backs and ends. Each type has numerous styles and can be assembled to fit any desired space. 
The lavatories in the first named class should be used where the walls of rooms are of an absorb- 
ent material. The pedestal lavatories are used in rooms having tiled walls and floors."' Any 
style faucets and waste can be fitted to please the owner. The materials of which lavatories 
are made are cast-iron enameled, vitreous, and earthenware. All these meet with sanitary 
requirements if correct manufacture is carried out. 

14d. Bath Tubs. — Bath tubs may be classed as built-in and portable. The built- 
in tub is finished with an apron on one, two, or three sides, brought down flush with floor and 
walls. The portable tub sets on legs or base and at a point about 2 in. away from the walls. 
Tubs can be fitted with numerous kinds of waste and supply trimmings. They aremanuf actur ed 
in standard sizes in lengths of 4 5, 5H, and 6 ft. over all, and 30 in. wide. 

14c. Showers. — Showers are divided into three groups: (1) receptor, (2) stall, 
and (3) tub. The receptor shower is set flush with or on top of the floor and receives the dis- 
charge from shower spray; a curtain around the spray confines the water to the receptor. The 
receptor is connected with the waste pipes the same as in a bath tub. The stall shower can be 
fitted with any desired spray and placed in a stall of marble or slate about 3 by 4 ft. square. 
The floor of the stall should be of cement or tile and slope toward the waste outlet. Under 
this floor should be placed a lead pan, built in, to catch and drain off any leakage through the 
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floor. The tub shower is a set of sprays set above the bath tub, with the tub acting as a 
receptor. 

14/. Sinks. — Sir^s are numerous in design, and almost any desire on the part 
of the owmer can be fulfilled. Kitchen sinks can, for example, be had: (1) with flat rim; (2 
roll rim; (3) back, end and sink in one piece; (4) sink and backs separate; (5) without or with 
drain boards; (6) enameled iron; (7) earthenware, white, brown, or yellow; (8) soapstone: and 
(9) combination of sink and wash tubs. Other sinks, such as cast iron for basement use and 
slop sinks for cleaners’ use, have sizes and shapes to fit all needs. 

14^. Special Types. — Fixtures of special types can be had to accommodate 
various buildings. Hospital fixtures should receive careful study, as every hospital has needs 
peculiar to its demands. Kitchen equipment that connects with waste pipes in hotels and res- 
taurants are all special and should receive careful stud 5 ^ 

15. Securing and Hanging of Fixtures. — Securing and hanging marble, slate, and soapstone 
fixtures are given too little thought. These fixtures must be set very rigidly. The material 
should set into the walls and floor about 2 in.; and all stops, hinges, and brackets should have 
at least two holes and bolts to hold them firmly. Fixtures of these materials should not depend 
upon the wall brackets for entire sujDport but should have a support extending to the floor. 

Iron enameled ware may be hung from the wall by means of concealed brackets and hang- 
ers. The concealed hangers are flat pieces of cast iron designed to be secured to the woodwork 
back of the plaster; therefore, before plaster is put on, solid woodwork should be securely fast- 
ened into building material to provide anchorage for enameled ware fixtures. Enameled ware 
is easily secured to waste pipes and usually no trouble is experienced in making water- and gas- 
tight connections. 

Earthenware fixtures should be supported from the floor. In making this ware tight with the waste pipes, 
only those connections which do not depend in the main upon putty or slip joints should be used. 

Vitreous ware is becoming more popular for plumbing fixtures as it presents a very hard surface. It will stand 
tests of great severity and is not as heavy as earthenware. Vitreous is harder than earthenware and will not chip as 
easily as iron enameled. 

16. Swimming Pools. — Swimming pools interest the plumbing trade insofar as supplying 
water and waste pipes, also lead lining, are concerned. The tank needs to be so constructed 
that it will be water-tight. Every such pool should be supplied with a gutter or overflow all 
around the tank interior to carry off the scum and surplus water. To supply the tank with 
water at the right temperature requires a heater which will circulate the water in the tank 
and through the heater at the same time. The water should enter the tank or pool at the 
top, circulate through the tank and leave the pool at the bottom. If possible, the pool should 
be provided with two outlets and inlets on each side. Modern pools usually are equipped 
with water purification appliances. 

17. Hot Water Consumption and Heating Mediums. — Equipment for hot water service is 
chosen generally for the needs of each particular building. After the quantity of water to be 
used per hour has been estimated, the necessary equipment may be chosen. Upon the demand 
and the service required depends the kind of equipment to be installed. If 500 gal. of water 
needs to be heated and drawn within 1 hr, of the day, an equipment is installed entirely differ- 
ent from that required if this amount of water is spread over a period of 10 hr. The various 
agencies for heating watei are: (1) coal, (2) gas, (3) steam, (4) solar, and (5) electric (for small 
quantities). 

Coal . — Domestic coal fires such as the range and furnace and similar heaters, may be 
equipped with a brass or wrouglit-iron coil or cast-iron water-back to heat water. In the case 
of the range, a cast-iron water-front is placed in one side of the firebox, which will supply suifi- 
cient hot water for one sink, one wash tray, one bath tub, and one lavatory when connected 
with a 40-gal. boiler. A cast-iron water-front will heat a 40-gal. boiler within 1 hr,, while a 
brass coil placed In the same position will heat 40 gal. within 40 min. 

When a coal stovo or heater is used as a separate heater for hot water, a large tank should be used for storage. 
To determine the size of the storage tank for a building, it is necessary only that the number of outlets that are to 
be opened in a given period, say 1 hr., be noted; their total discharge will indicate the necessary mimber of gallons 
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that must be stored in the hot water tank. The greatest amount of hot water used in the ordinary building or 
dwelling will be dra-wn the first hour in the morning. Each person in the dwelling will use in the first hour 2 gal. of 
hot water in the lavatory, and, if a bath is taken, 30 gal. more. In the kitchen, 5 gal. will be used per person, 
making a total of 37 gal. of hot w’ater per person for the first hour in the day. With five persons in the family, the 
required amount of hot water will be 185 gal. — almost a prohibitive amount for a storage tank in a dw^elling. De- 
duct the 30 gal. for hot bath and add 2 gal. to use in the lava- 
tory and the amount required w’ill be 45 gal. per person per 
hour, w’hich is about the correct amount used and allowed for. 
The foregoing example illustrates how the necessary quantity 
of hot water required may be determined. 



Fig. 8. — Storage tank with thermostatic control 
and gas heater. 



Gas . — Gas used as a fuel for heating water for domestic purposes is very efficient if copper 
coils are utili 2 ed. Gas is used to good advantage in a storage tank heater. Gas keeps lighted 
until the tank is full of hot water, then automatically shuts off. Gas is also used in instantane- 
ous heaters which supply hot water at the rate of 4 to 8 gal. per min., and will raise the water 50 
deg. while it is running through the copper coils. The best method of installation for an in- 
stantaneous heater is to equip it with a booster connection and circulate the water (Figs. 8 


and 9). 

Solar Heat — In some parts of the country, water is heated for domestic use by means of 
solar heaters, the heat being derived from the sun's rays directed through glass on to pipe coils 

and tank. Such systems are becoming increas- 
ingly common on the Pacific coast for residential 
hot water purposes. The method is satisfactory 
for small installations. 

Tanks . — Tanks used for the storage of hot 
water are made of galvanized iron and steel, 
^i==^ ^ black iron, or copper. The latter makes the best 

installation. Galvanized iron or steel is used on 
small installations and black iron is used on large 
installations. 

Circulation . — Circulating systems are used in 
most installations where good service is essential. 
This system provides for a pipe to be run from 
source of hot water direct to fixture or group of fixtures, also for a pipe from fixtures back to 
source of hot water. This allows hot water to circulate through the pipes and hot water is 
continually at band within 2 ft. of the faucet. 




&==Q 
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Fig. 
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10. — Expansion loops. 
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Expansion must be allowed for in all hot water lines of pipe, either by swing joints or loops. Fig. 10 shows 
some types of expansion joints which may be used. These joints are made from fittings and pipe used in piping 
systems. 


Therniostatic control of temperature of hot water should be arranged on every system. The 
saving in cost of fuel will soon pay for the installation of the equipment. The correct location 
of the thermostatic control is the first point to consider. Where storage system is used, the 
thermostatic member must be located at a point in the storage tank that will allow the full 
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capacity of the tank to be heated. Fig. 8 shows the incorrect location (dotted lines) of thermo- 
static control and the correct location (full lines). This equipment is fully as ejOScient in the 
saving of coal by regulation of drafts as it is in the saving of gas. The location of the thermo- 
static member in an instantaneous gas heater should not be in the hot water coils or next to the 
gas flame, but should be regulated by the temperature of the water as it leaves the heater. In 
storage systems where steam is used to heat water, the thermostatic control should be located 
away from steam pipes. 

18. Cold Water Consumption, Valves and Piping. — One of the first functions of water 
supply to plumbing fixtures is to flush properly and cleanse the fixture after use. Fixtures which 
are not so designed as to distribute 
the supply of water over its surface 
are soon cast aside and replaced by 
fixtures which will more efficiently 
use the water supply to cleanse the 
surfaces. The water supply of a 
building must, therefore, be in such 
quantities and under such pressure 
that all fixtures on all floors will have 
at all times ample supply to meet 
properly the demands made upon any -c ■< -t rr. • , ^ 

one or all of the fixtures. 

Main or Service Pipe . — Under the plumbing equipment of a building comes the installation 
of a supply water main, or what is known to the trade as a service pipe. The plumber must 
attend to the necessary permits before the service pipe is laid. The permits required are as 
follows: (1) permit to excavate street; (2) agreement to pay for all water used, which must be 
signed by the property owner; (3) permit to tap main pipe. For ordinary dwellings a K-in. 
tap is put in by the water company or municipality, as the case may be, and a service pipe not 
smaller than 5^ in. should extend into the building. The service pipe must be laid below the 
frost line. The necessary valves, etc., required on every service pipe are clearly shown in 
the accompanying sketch (Fig. 11). The essential points to be considered in the installation of 
the service pipe are: (1) permits, (2) size of service pipe, (3) lead connection, (4) location of 
valves, (5) pressure carried in main, and height of building, (6) quantity required for a given 
period, and (7) protection against frost. 

Trench . — The trench for the service pipe must be made at right angles with the curb line. 
The trench is started 2^ to 3 ft. wide at the top and is tapered down to a point below the level 
of the frost line. It is not necessary to open a ditch the entire length 
of the service pipe except in the street where the entire section of 
street must be dug full depth. On private property, character of 
soil permitting, the ditch may be 10 ft. long, then 10 ft. can be tun- 
neled; then 10 ft. more opened and 10 ft. tunneled, until the entire 
length is covered. 

The refilling of the trenph is an operation which should receive more atten- 
tion. Too often it happens that after a trench is refilled a number of barrels of 

dirt are left over and carted away. The result is that after a few months, perhaps 
after the building is completed and in use, and walks laid over the trench, the earth 
Fig. 12. — Refill of sewer will settle in the trench causing the walk to cave in. The refill of a trench shouM 

and water trench. taken out, and will do so if water is used to settle the dirt, or if 

6 in. of dirt is thrown in and tramped, and then 6 in. more added until the trench is filled. In some cities the 
contractor is not allowed to refill a trench without having present a city inspector. To save excavation the 
water service may run in the same trench as the sewer pipe if the trench is dug similar to that shown in Fig. 12. 

Stops, Valves, and Piping . — The valves necessary on a service pipe into the building are r 
(1) brass stop at tap, (2) brass stop at curb, and (3) brass stop and waste located inside the 
foundation wall. These valves are in such a position that their replacement involves expense 
and difficulty; therefore the best materials should be used. The valves underground shouldbo 
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surrounded with well-tamped earth, and care should be taken to see that valves are in an up- 
right position. 

Every fixture or isolated group of fixtures in a building should have a separate supply pipe 
extending from basement main to faucets. The main in the basement should be located on 
that side of the building which has the most fixtures. All risers should extend up through the 
building on inside partitions, and where possible should run in prepared chases with removable 
front. All water pipes in a building should be grouped together as much as possible and every 
riser should have a separate shut-off. 

Material for exposed and conoealed water pipe varies according to the action of water upon the material. 
Some water attacks lead more than it does brass and iron; therefore it is best to install piping which is especially 
suitable in resisting the action of water. Brass pipe in most cases will last longer as a water pipe than any other 
material. It will be found much cheaper to install good material for water pipes in the first instance than to bo 
obliged to replace good material within 5 or 6 yr., which is often the case. Lead pipes extra strong, brass pipe 
(iron pipe size), galvanized iron and galvanized steel pipe are in use under all conditions, and each material has its 
advantages over the others for particular work. All piping which is concealed in cinder fill or concrete should be 
painted one coat with red lead and oil, or be asphaltum coated, and then covered with tarred paper. When water 
pipes pass over decorated ceilings (which should never occur if possible to avoid) they should run in a lead or 
copper trough which should have a tell-tale pipe extending to the basement. The best installations of water pipe 
are those in which the entire system is arranged for inspection. 

The valves used on a system of water piping are generally gate valves, compression, globe, and plug cock. 
These valves are used to stop the flow of water and are called stops; when provided with a waste port to drain the 
piping from which the pressure has been shut off, they are called stop and waste cocks. Valves should never 
be placed in a line of pipe in such a position that they cannot be taken out and renewed. There are numerous maker 
of valves in as many different weights but of the same si?e. It is well, therefore, to specify the weight of valve to 
be used. Valves which control the water pressure to fixtures should be so placed in the system of piping that they 
can easily be reached at all times. 

Water Hammer. — The pounding noise sometimes heard in water pipes, known as water 
hammer, is caused (1) by a loose packing, stems or working parts in a valve or faucet vibrating 
as the water passes through it, or (2) by self-closing cocks not properly fitted. There should be 
at each end of the water pipe lines a vertical extension of pipe about 2 ft. long and capped so as 
to form an effective air cushion. 

DRINKING DEVICES 

By Frank R. King? 

19. Hygienic and Some Service Features of Bubbling Fountains and Other Drinking 
Devices.^ — Bacterial diseases may be transmitted by water and drinking devices. That this 
may be better understood and the responsible factors linked together and both studied from 
the viewpoint of disease prevention, the following important factors are presented. 

Bacterial Diseases.' — Any disease which is caused by bacteria can be passed along to some- 
one else provided a means of transfer is afforded. As an illustration, tubercle bacilli may be 
conveyed by the spray from one who is coughing, by dust or by handshaking. Typhoid bac- 
cilli may be passed from one to another by handshaking, by contact, or soiled linen, in water or 
food. 

Water. — What part does water play in carrying germs from one person to another? In 
order to answer this question it will be necessary to consider how disease-producing germs may 
get into water or on utensils used in conveying the water. 

Drinking waters are classified as safe or unsafe, the former being free from the addition of sewage, household 
and industrial waste, or other pollution. All surface water in areas of human habitation are, as a rule, unsafe for 
drinking purposes without some sort of treatment. Springs which are fed by surface washings, and particularly 
those which emerge at the foot hills, are also liable to become polluted. Shallow wells, streams, rivers, and lakes, 
which receive water from surface drainage, are as a rule not safe to dnnk without treatment. 

Water and Bacterial Diseases. — The water supplied from such wells is apt to be highly pol- 
luted, containing a large number of bacteria and other objectionable material. The surface 
washings and underground seepage which find their way into such a well, drain directly or 
indirectly from outhouses, bams, and other refuse. 

1 Extracts are taken from an investigation report entitled “Water Supplies and Drinking Devices, How They 
May Spread Bacterial Diseases,” by Dr. W. D. Stovall, Bacteriologist, and Frank R. King, Domestic Sanitary 
Engineer, Madison, Wis. 
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Disease-producing bacteria are thus conveyed into the water supply* People drinking and iising water so 
polluted are very frequently troubled with diarrheal diseases, typhoid fever, and other intestinal and digestive 
complaints. 

Drinking Devices . — As a result of the concentration of people in cities, public buildings, 
places of employment, schools, parks, etc., the danger of the transmission of diseases caused by 
bacteria is greatly increased. The spread of disease is not 
wholly confined to the water at its source of supply, but 
depends frequently upon the means by which each indi- 
vidual obtains a drink. 

The water supply, when polluted at its source, is usually responsible 
for the spread of such diseases as typhoid, cholera, and dysentery. Other 
diseases, syphilis, tuberculosis, diphtheria, tonsilitis, and pneumonia, are 
frequently spread not by the water but by the depositing upon drinking 
devices of mouth secretions and sputa of people who are carrying the 
germs which cause these diseases. The old common drinking cup still is 
one means by which these diseases are frequently spread. 



Common Drinking Cup . — In factories, in railroad stations, on railroad trains, in public parks 
and public buildings where not prohibited, it is the rule to see a tin cup tied to the water cooler 
(Fig. 13), and everybody is invited to come and have a drink from the same cup. This cup is 
used by the sick and well; by those who have syphilis and other communicable diseases, and 
by those who have not. The man with syphilis at some time during the disease usually has 

S sores in his mouth. These sores grow from small ulcers in the throat 
and mouth to large ulcers which involve the inside of the cheeks, the 
gums and the tongue. The sores are open, that is raw, and the 
saliva and secretions from the mouth of such a person carry the germ 
which causes syphilis. When he or she drinks from the common 
drinking cup, there is deposited around the side of the cup saliva from 
the mouth. Sometimes indeed the cup dips into or rubs sores, and 
some of the dead tissue always lying loosely on the surface is left on 
the side of the cup. The next person who drinks puts into his or her mouth the same cup, 
rubs the infected surface maybe on a crack in the lip or a small sore on the tongue, and, as a 
result, acquires syphilis. This illustrates how the common drinking cup often serves to transfer 
disease from one mouth to another. 

Individual Drinking Cup . — la order to stop this means of spreading disease, many new and 
ingenious methods have been devised. Individual drinking cups of various types made of 
parafiin paper are frequently seen. These individual cups are the very 
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best means afforded to obviate the dangers of the common drinking cup, 
and are inexpensive. Not a few public water fountains have a special 
mechanical device for distributing parafldn cups. This device consists of a 
long glass tube, which, after being filled with cups, is set into a container 
provided with a simple mechanism which is operated by a small lever on the 
side, delivering a cup at each operation (Fig. 14). 

Bubbler Fountain.— Another popular way of supplying drinking water 
in public places is through the bubbling fountain. The fountain flows 
continuously or is supplied with a handmperated control valve. The object 
of the bubbling fountain is to supply each individual with a drink without 
the necessity of bringing the lips in contact with the drinking device. 
Therefore, if the fountain meets these requirements, the stream must bubble 
high enough so that the water can be drunk without the lips coming in 



Fig. 15. 


contact with the bubbler head (Fig. 15a). 

There are various types of these bubblers. Nearly all of them deliver the stream of water 
in a vertical direction. A later type of bubbler delivers the water at an angle of about 45 deg. 


(Figs. 155 and 18). 

A recent make, “ Vertico Slant, delivers the stream at an angle of 8 deg. (Fig. 19). The 
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special sanitary- feature of this type Hes in the slanting stream. This hygienic feature is intended 
to prevent contact of the mouth and bubbler devices. Some fountains are constructed so that 
the water stagnates inside the bubbler head (Fig. 16c). This is considered an objectionable 
feature. In other styles the fountain is constructed vdth a bowl 
which retains water and frequently the individual drinks from a pool 
of water which has furnished many others with a drink. This is little 
or no better than the common drinking cup (Figs. 16a and 166). 

Some types have been constructed to give a flow at an angle from the bubbler 
and are equipped with a guard on the side (Fig. 16d). This guard may be objec- 
tionable. Many who attempt to drink from this type of bubbler place the face 
against the guard. This affords a means for the spread of disease by contact. 

Bubbler heads equipped with small pads of cotton or other material to act as 
a filter for the water are not satisfactory. The cotton collects bacteria and dirt, 
and may actually increase the number of bacteria in *the water after it passes 
through the bubbler. 

Portable drinking fountains are often found in public places where running 
water is not available. Fig- I7{a) illustrates such a type. A constant pressure 
sufficient to force the water the desired height above the bubbler head usually is not 
obtained in these fountains (Fig. 176), and as a result the lips are often placed 
against the head of the bubbler in order to obtain a drink. Those bubblers of this 
type, having inadequate pressure, are perhaps but little better than the common 
drinking cup. 

The individual drinking cup as already described in Fig. 14 should take the place of this type of drinking 
fountain. 

The important considerations in operating bubbler fountains are adequate water supply , uniform pressure, 
and cleanliness. The pressure should be adequate to force the stream sufficiently high so that the drinker may 
“bite” the bubbling stream. The bubbler head should be of as plain construction as possible. Of the vertical 
stream type of bubbler, the mushroom head type is the most satisfactory (Fig. 16), and when sufficient volume 
and pressure of water are supplied the angle at which the stream bubbles makes little difference. 






PLUMBING AND DRAINAGE — TYPICAL REGULATIONS AND SUGGESTIONS 

By Frank R. King 

A modern system of sanitary plumbing is an influential factor in maintaining and extend- 
ing the hygiene of the home, school, office, or industry, and contributes to the maximum comfort 
of those who enjoy its advantages. It is now* recognized more than ever before as a neces- 
sary sanitary improvement. Conversely, insanitary plumbing installations are inimical to the 
health and well being of the public. It is considered necessary, therefore, to protect those who 
are not familiar with the principles of safe plumbing construction against incompetent or indif- 
ferent persons who, in the absence of official restrictions, might take advantage of such ignorance 
to design or install plumbing, water supply or drainage systems which may be a constant menace 
to health and comfort. 

To this end, state and municipal regulations and ordinances have been enacted to guard 
against inefficient installations. 

In the absence of regulations and ordinances, it is advisable to follow the Recommended 
Minimum Requirements for Plumbing in Dwellings and Similar Buildings, as prepared by the 
U. S. Bureau of Standards, in 1924. 
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20. “Outside-of -building’* Regulations. — The following are typical requirements in a local 
plumbing ordinance capable of being applied to the average municipality. This measure de- 
fines plumbing and drainage and covers such subjects as inspection and supervision, licensing, 
permits, fees, bonds, penalties, construction and materials of house drains from building to street 
mains, and other phases of the work. For plumbing ordinance requirements within the building, 
reference should be made to Art. 22 dealing with requirements of modern codes. 

Plumbing Defined. — For the purpose of ordinances, plumbing may be defined to be the placing of all plumbing^ 
water supply and drainage materials and appliances within any building and from 3 to 5 ft. outside of the building, 
and the construction and alteration of all pipes, faucets, tanks, valves and other fixtures by and through which water 
supply or waste or sewage is used or carried in any manner whatsoever. 

Drainlaying Defined- — Drainlaying for the piirpose of ordinance requirements may be defined generally 
to include the connecting of drains to the main sewers in streets or alleys, placing of materials, construction and 
alteration of drains, beginning 3 to 5 ft. from the foundation or area wall of the building, to its connection and 
the main sewer in the street, alley or other disposal terminal. 

Inspection and Supervision. — The plumbing inspector, under the direction of a state department or municipal 
governing body, usually has control of the supervision and inspection of plumbing, draidage and drainlaying, and 
is required to enforce all laws, ordinances, and rules in relation thereto. It is the duty of the plumbing inspector 
to see that the construction, re-construction and alterations of all plumbing, drainage and plumbing ventilation 
installed in all buildings coming under the jurisdiction of the state or local regulations conform with the laws and 
ordinances and the rules and regulations laid down by the state or local governing bodies. "When ordered by the 
state or local authorities, he is empowered also to inspect water services as to their depth below grade, manner 
of construction, materials and workmanship, replacing of earth, pavements and sidewalks, and to supervise public 
sewer work, sewer connections, and excavations made for the same. 

Plumbing and Drainlaying Permits and Fees. — Under local ordinances, and sometimes under state regula- 
tions, no plumbing may be done, except in case of repairing leaks and stoppages, without a permit first being issued 
therefor by the inspector of plumbing and the payment of the proper fees. "When necessary the applicant for a 
plumbing or drainlaying permit must file with the plumbing inspector a plan and specification showing in detail 
the work to be done. Before the inspector issues such permit he must approve the application and issue to the 
applicant a statement showing the fees to be paid for such permit. Upon presentation to the plumbing inspector 
of the proper receipt showing the payment of all legal fees, the permit is issued for the work set forth in the 
application. 

Schedule of Fees. — The schedule of fees to be paid varies in different cities. A typical fee schedule follows: 
For each sewer connection and for the first 6 fixtures, 50?5 each; and for each additional fixture, 25 ji. Such schedule 
applies to the following list of fixtures: Sinks, water-closets, baths of any description, soda fountains, refrigerators 
or ice boxes, sanitary bubblers, catch basins or similar receptacles, machine waste connections, acid tanks, sumps 
and ejectors, rain-water cistern connections, private sewage disposal plants, changes and alterations where in- 
spections are necessary, and house drain, sewer, water, and fire protection installations when no plumbing fixtures 
are installed. In some places a flat rate is charged for water and sewer connections, based on the size of the pipes 
to be installed. 

It is usually requii^ed that no plumbing or drainage of any character, except leakage repairs and stoppages, 
shall be installed unless a permit for the work has been issued by the plumbing inspector, and that no person shall 
interfere in any way with the work of inspection, or permit any plumbing or drainage to be used until it has been 
inspected and approved by the inspector, unless special permission is given by the proper authorities. 

Plumbers’ and Drainlayers’ Licenses. — Most municipalities, and some states, require that no person, firm 
or corporation shall carry on the business of plumbing or drainlaying, or perform such work until licenses and per- 
mits have first been obtained as required by law or ordinance, except that property owners or their employes shall 
not be prohibited from removing stoppages in waste pipes or repairing valves or faucets without a permit. 

Bond. — Those coming under the provisions of such ordinances arc usually required to execute a good and 
sufiBcient bond, with two or more sureties, or an indemnity bond, to be approved by the governing bodies, condi- 
tional upon the faithful performance of all work in accordance with the laws, ordinances, rules and regulations 
governing the installation of plumbing and drainage. 

Authority to Enter Premises. — The plumbing inspector should have power and authority at all reasonable times 
for any proper purpose to enter upon any private or public premises and make inspection thereof, and to require 
the presentation of the license and permit of any persons doing plumbing or drainlaying work. Anyone resisting 
or obstructing any lawful exercise of authority by the plumbing inspector is made subject to a penalty. 

Notice for Inspection. — Whenever any work is ready for inspection the plumbing inspector must be notified 
by the plumber in charge or persons receiving the permit, as directed by the plumbing inspector, specifying the 
street and house number when possible, and the plan or permit number under which the work is being done. Un- 
less otherwise specially permitted by the inspector, all work of plumbing or drainlaying must be left uncovered 
for examination and approval by the inspector. The plumber should make such arrangements as will enable the 
inspector to search all parts of the building readily, have present the proper apparatus and appliances for making 
the tests, and furnish all materials and perform all labor in making the tests. 

Replacing Street Surface. — When opening any street surface or other public way, all material for paving or 
ballasting should be removed with the least possible loss of surfacing material, and, together with the excavated 
material, should be placed where it will cause the least inconvenience to the public, and all such materials should 
be so placed as to admit the free passage of water along the gutters. As little of the trench as possible should be 
dug until the slant or junction piece to the sewer is found. The backfilling should be puddled, and the paving 
and ballast replaced in as nearly the original condition as possible and to the satisfaction of the officials. When the 



1326 


HANDBOOK OF BUILDINO CONSTRUCTION 


[Sec. 6-20 


sides of the trenches will not stand perpendicular, sheathing and braces should be used to prevent caving. When 
caving occurs, all the street surface thus disturbed should be restored in the same careful manner as though it were 
an excavation or a trench. 

ProtectiorL of Public. — Every plumber and drainlayer should enclose openings made in streets or public ways 
with sufficient barriers, and maintain red lights from sunset to sunrise, one placed at each end of openings in streets 
and the others at intervals of 10 ft. All necessary precautions should be taken to guard the public effectually from 
accidents or damage to persons or property from the beginning to the end of the work. Plumbers and drainlayers 
should be held responsible for all damages, including costs incurred by the municipality or owner in defending any 
action that may be brought for damages, and costs of any appeal that may result from any neglect of the plumber 
or his employes to take necessary precautions against possible injury or damage to persons or property. 

Record of Drain Junctions. — The city engineer is usually charged with keeping a record of all sewer connections 
on maps showing their location and the position of all house drains, connections, and junctions, and presenting 
other necessary data. No person except licensed drainlayers should be permitted to tap or make connection with 
the general sewerage system or any part thereof. Such information as the municipality has with regard to the 
location of sewer junctions or slants should be at the disposal of drainlayers, but at their risk as to its accuracy. 
When in compliance -with the measurements furnished by the municipality the junction is not found, a slant con- 
nection and one-eighth bend should be used, and such connection made under the direction of the plumbing in- 
spector or other authorized official. 

Drain for Each Building. — Whenever practicable, the sewerage and drainage system of every house orb uilding 
should be separately or independently connected with the street sewer, except that where a building stands in the 
rear of another on the same lot, the house drain from the front building may be extended to the rear building, barn, 
or private garage. 

Size, Quality and Weight of Materials. — The drain pipe extending from the main sewer to a point within 3 
to 5 ft. of the outside wall of residences of not more than two stories, should be constructed of 6-in. vitrified clay 
pipe or 4-in. cast-iron pipe, and in all other cases drains extending from the main sewer to the outside or to the 
area wall should be constructed of 6-in., or larger, vitrified clay pipe or of 6-in. extra heavy cast-iron pipe. 

Defective or Inferior Pipe Prohibited. — Ordinances usually forbid the laying or connecting with any public 
sewer of pipes that are cracked, damaged, or of inferior make or quality, under penalty. 

Grade of Drains. — All drains outside of the building from sewer to lot line and designed to receive solid sub- 
stances, should have a grade of H in. or more per foot if possible; and in no case should the grade be less than 
in. per foot. Where the main sewer in the street has sufficient depth or where a lot is 3 ft. or more above grade 
line, the drain between the curb line and lot line may receive such greater inclination as in the judgment of the 
local officials may be deemed proper. 

Drain Ends and Connections Guarded. — The ends of all sewer and drain pipes not immediately connected 
should be securely closed to prevent the introduction of sand or earth; and where the end of the sewer or drain pipe 
is connected with a temporary catch basin for foundation during the erection of any building or for other purposes, 
the drainlayer should guard the same against the introduction of sand or earth. ' 

Construction of Joints. — All joints of sewer and drain pipes must be pointed carefully on the outside and the 
pipe left clean and smooth on the inside by drawing through it a swab or scraper. Along the entire length of the 
drain or sewer, the joints should be securely and completely bedded and covered in good quick-setting cement to 
prevent the escape of water, sewage or air. The mortar should consist of one part cement and two parts clean sharp 
sand which are to be mixed dry and wetted only in small quantities as used. The use of tempered cement in any 
case should be prohibited. 

Change of Direction and Alignment. — All sewer and drain pipes should be laid carefully in a trench with per- 
fect alignment where the bottom is trimmed to a perfect grade; and any deviation or change of direction from a 
straight run should be made by the use of proper curves and Y’s. No sewer or drain pipes should be clipped where 
proper fittings can be used for change of direction. 

Backfilling. — Backfilling should be made with due care and in a workmanlike manner, according to approved 
standards and methods, in order to prevent the settling of the drain or sewer. 

Catch Basins and Receptacles. — All sewer and drain pipes which must be left open to drain cellars, areas, yards, 
drain pipes, or other places, should be connected with catch basins of brick, vitrified cement pipe, concrete, or other 
suitable substance, the bottom of which should not be less than ft. below the bottom of the outlet pipe. Every 
such catch basin or receptacle should be placed inside the line of the lot to be drained, and be properly trapped. 

Old Pipe or Drain. — ^Whenever necessary to disturb a drain or sewer in actual xase, it should not be obstructed 
or disconnected except by special permission of the plumbing inspector, and it is \iaually prohibited to make new con- 
nections with or extensions to any old drain without special permission of the proper authorities. 

Drain When Obstructed. — Where the course of any sewer or drain is obstructed by .water, gas, steam or other 
pipes or conduits, the question of passing over or under such obstruction or of the raising or lowering thereof so as 
to permit the construction and installation of the sewer or drain should be determined by a competent municipal 
official. 

Permit to Connect During Freezing Weather, — In cold climates no opening in the streets for making connec- 
tions with a main sewer is permitted when the ground is frozen except when in the judgment of the authorities such 
connection is absolutely necessary, and, if such permission is granted, the work should be done as directed by the 
official granting the permit. 

Protecting Pipes Against Frost, Injury or Settling. — All water, sewer, drain, gas, conduits or other piping should 
be protected from injury, frost or settling to the satisfaction of the local authorities. 

Protecting Sewers and Drains. — No person should permit any earth, sand or other solid material to enter 
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into any main sewer during the progress of any work in laying drains or sewers, making alterations, extensions or 
repairs to the same, or in connecting such drains or sewers with the main sewers. 

Drains Conveying Industrial Wastes. — No factory, brewery, chemical plant, stockyards, slaughter-house, 
tannery or other structure should be connected by any drain or sewer with the main sewer, through which it is 
intended to discharge any offal, garbage, filth or other solid refuse or through which objectionable substances may 
be discharged into the main sewer, unless such installations are provided with approved treatment appliances. 
Premises should not be connected with any drain or sewer entering into a main sewer through which any obnoxious, 
explosive, malodorous or unhealthful liquids or substances may be discharged into the main public sewers. 

Adequate Flush for Drains. — The connecting of water-closets with any drain or sewer unless means are em- 
ployed for the abundant and adequate flushing of the same wdth clear water every time they are used, should be 
forbidden. Every such closet or similar appliance should be properly connected with an adequate water supply 
system, either public or private. 

Steam or FEot Water Blow-offs.” — Exhausts or “blow-offs” from steam boilers or engines should not be 
connected with any drain or sewer, but should be discharged only into catch basins or an adequate cooling recep- 
tacle. 

Penalty. The following may be taken as a typical penalty provision. “Any master or journeyman plumber, 
drainlayer, property owner, or other person who shall willfully violate any of the provisions of this ordinance, or 
who shall install or allow to be installed any plumbing or drainage in this city (village) contrary to the provisions 
of this ordinance, shall be deemed guilty of a misdemeanor and shall be subject to a fine of not less than $10, and 
not to exceed $50, or imprisonment in the county jail not exceeding 30 days for each and every violation thereof. 
Each day of such violation shall constitute a separate offense.” 

21. Explanation of Terms . — Plumbing work embraces all piping and appurtenances in 
connection with the drainage, ventilation, or water supply systems within, and to a point from 
3 to 5 ft. outside, the building or other parts of the structure, and may include the water service 
and house drain piping and appliances to the mains in the street, alley, or other terminal. 

House sewer or main drain is that part of the horizontal piping beginning 3 to 5 ft. from the foundation wall 
to its connection with the main sewer, cesspool or sevrage treatment tank, or other disposal terminal. 

House drain is that part of the horizontal piping of a house drainage system which receives the discharge of 
all soil, waste and other drainage pipes inside the walls of a building and conveys it to the house sewer, 3 to 5 ft. 
outside the foundation wall of the building. 

Soil pipe is any pipe which conveys the discharge of water-closets with or without fixtures to the house drain. 

Waste pipe is any pipe which receives the discharge of any fixture except water-closets and conveys the same to 
the soil pipe or house drain. 

Main soil or waste vent is that part of the main soil or waste pipe above the highest installed branch or fixture 
connection, extending through the roof. 

Vent pipe is any pipe provided to ventilate a drainage and plumbing system of piping and to prevent siphonage 
and back pressure. 

Back vent pipe is that part of a vent pipe which connects directly with an individual trap underneath or back 
of the fixture and extends to the branch, main, soil or waste pipe at any point higher than the fixture or fixture 
traps it serves. 

Unit vent is one which denotes an installation so arranged that one pipe will serve two traps. 

Circuit vent is a connection made by joining a nearly horizontal trap outlet with a waste and vent pipe in such 
a manner that a continuous vent is formed. 

Local vent is a pipe or shaft serving to convey the foul air from plumbing fixtures or room to the outer air. 

Trap is a fitting constructed to prevent the passage of air or gas through a pipe without materially affecting 
the flow of sewage or waste water, and which is self-scouring. 

Depth of seal trap is indicated by the height of the water column measured between the overflow and the dip 
separating the inlet and outlet arms of the trap. 

Deep seal resealing trap of the centrifugal self-scouring^type is a trap in which the water motion is both centrif- 
ugal and upward at each discharge of the fixture and retains an adequate amount of water to form an efficient 
trap seal. 

Deep seal is a term applied to a trap having a water seal twice the depth of the common trap. 

Subsoil drain is that part of a drainage system which conveys the ground or seepage water from the foot of 
walls or below the cellar bottom to the house sewer, independent of the house drain. 

Conductors or roof leaders are the pipes which carry the storm or rain water from the roofs of buildings to the 
house or yard, drain or sewer. The vertical portion of the conductors is usually referred to as the down spout. 

Back flow is a term denoting the reversal of flow in a drainage system. 

Dead end is that part or branch of a drainage system which is without a free circulation of air. 

Private sewer is one which has an independent sewage disposal, not connected with a public sewer, and which 
accommodates one or more houses. 

A sanitary sewer is a drain or sewer constructed to convey organic sewage from buildings to a septic or bacterial 
treatment tank or other point of disposal and from which all surface and storm water is excluded. 

A septic or biological tank is a reservoir or tank which receives crude sewage, and by bacterial action, liquefioa- 
tion, and sedimentation effects a process of purification and clarification. 
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Cesspool is an excavation in the ground made for the receiving of crude sewage, and so constructed that the 
organic matter is retained while the liquid portion is permitted to seep through its walls. 

Rural or isolated residences are understood to be those situated at such a distance from public sewer system that 
their drainage systems cannot become tributary to such public system. 

Roughing in is the placing of all that part of a drainage or vent system which can be completed before the 
plumbing fixtures are installed. 

Wiping a joint is a method of joining two pieces of metal, in which the solder is fused on the joint and wiped 
to a smooth, neat finish with a wiping cloth, and having a thickness of solder over that part of the joint where the 
metals join of not less than one-fourth inch. 

Sanitary plumbing is understood to denote plumbing so designed and installed that it can be kept clean that 
is, free from defects in construction — and that conforms in every particular with good practice and sanitary 
essentials. 

private dwelling is understood to be any building used only for living purposes and occupied by not more than 
two families. 

Alignment is understood to indicate “in a straight line,” graded, horizontal or perpendicular. 

Terminal is that part of a drainage or vent system which projects above the roof of the building or the end of 
the house drain connecting to the septic tank or house sewer, or other disposal terminal. 

Public building as defined by state and local regulations means any structure used in whole or in part as a 
place of resort, assemblage, lodging, trade, traffic, occupancy, or use by the public, or by three or more tenants. 

Place of employment means every place, whether indoors or out, or underground, and the premises appurtenant 
thereto, where either temporarily or permanently any industry, trade or business is carried on or where any process 
or operation, directly or indirectly related to any industry, trade or business, is carried on, and where any person 
is directly or indirectly employed by another for direct or indirect gain or profit, but does not include any place 
where persons are employed in private domestic service or agricultural pursuits which do not involve the use of 
mechanical pow'er. 

Basement may be defined as that portion of the building whose floor line is below the grade at the main en- 
trance and whose ceiling is not more than 9 ft. above the grade. The first floor is that next above the basement, 
or the lowest floor if there is no basement. The total number of stories in a building is understood to embrace all 
stories except the basement. 

Height of building is generally measured at the center line of its principal front, from the street grade (or if 
setting back from the street, from the grade of the ground adjoining the building) to the highest part of the roof, 
or to a point two-thirds of the height of the roof, if a gabled or hipped roof. If the grade of the lot or adjoining 
street in the rear or alongside of the building falls below the grade at the front, the height should be measured at 
the center of the building. 

Approved, as used in plumbing and drainage ordinances, is a term usually signifying the installation is approved 
by state or local authorities in conformance with state laws or local regulations governing. 

22. “Within the Building” Regulations. — In this article are set forth in brief form typical 
plumbing, water supply and drainage requirements as contained in modern state and local 
codes, and rules and regulations applicable to work loithin the building. 

The important “within the building” requirements in connection with plumbing, water 
supply and drainage systems may be summed up as follows : 

(a) Location with reference to convenience. 

(b) Adequate housing. 

(c) Approaches affording due privacy. 

(d) Proper construction of floors, walls, partitions, etc. 

(e) Lighting, heat, and effective room ventilation. 

(J) Kind and number of fixtures and other appurtenances. 

(g) Design and arrangement of piping fixtures, etc. 

(A) Kind, quality and weight of materials. 

(i) Types of traps and re-vents necessary. 

(j) Safe and adequate water supply. 

(k) Good workmanship. 

(l) Utility chambers, shafts, recesses, raising or depressing of floors, placing of walls 
and partitions, etc., to enable the proper installation to be made of all needed piping and 
appurtenances. 

(m) Economy of installation consistent with simplicity, durability, service, comfort and 

sanitation. * 

Nearly all state and local regulations include some specific requirements for the following 
classes of buildings, each of which should receive careful consideration by the designer of plumb- 
ing, water supply and drainage installations; 
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Places of employment — ^factories, office and mercantile buildings, and other employment 
centers. 

Public buildings, school buildings, libraries, museums, places of detention. 

Apartment and tenement houses. 

Theaters and assembly halls. 

Hotels and rooming houses. 

Restaurants, barber-shops. 

Slaughter-houses, rendering plants. 

Creameries, condenseries, cheese factories. 

Chemical and similar plants. 

Federal buildings. 

Private residences and two-family flats. 

Piping requirements are in most cases identical except as to sizes and kind of materials, 
where the character of the waste is such as to be destructive or where its proper disposition re- 
quires special treatment. The number and type of plumbing fixtures and other appurtenances 
likewise vary in certain types of buildings. 

Whatever deficiencies may exist in a system, may properly be ascribed alike to the manu- 
facturer, plumber, engineer, architect, designer, owner, installer, and inspector of plumbing. 
The remedy lies in education and the cooperation of all concerned. 

Sewers and Drains 

Section 1. (a) One Drain for Each Building . — The plumbing system of each new building, or new plumbing 

installation in an existing building, should be entirely separate from and independent of that of any other building, 
except as provided in the following section. 

Wherever practicable, every *building should have an independent connection with a public or private sewer. 

(Jb) Two or More Buildings on a Lot , — Where a building stands in the rear of another on the same lot, the house 
drain from the front building may be extended to the rear building, private garage, or barn, and the whole may be 
considered as one house drain. , 



Fia. 20. 

Section 2. (a) Underground House Drains . — All house drains should wherever possible be brought into the 

building underground below the level of the basement or cellar floor. 

(&) Materials Used . — All underground house drains must be made of vitrified clay or cast-iron pipe. In some 
localities the use of vitrified clay pipe is permitted where the ground or soil covering is 18 in, or more, provided that 
where a substantial cement floor is laid, 12-in. covering is permissible. Vitrified clay pipe must not be used in the 
construction of a house drain when the ground or soil has not the proper stability to insure an unyielding foundation 
(Figs. 20 and 48). 

Note. — Cast-iron pipe is always preferable to vitrified clay pipe as it is stronger and more durable. But when 
laid in ground or material containing cinders, ashes or ingredients that will affect cast iron, it should be adequately 
protected. 

Section 8. Trenches f or Pipes . — When deemed essential by state or local authorities for inspection purposes, all 
excavations necessary for the installation of a house drainage system or any part thereof within the walla of a build- 
ing should be open trench work. 
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Section 4. (a) Subsoil Drains. — Where subsoil drains are used, they should be made of open-jointed drain tile, 

properly trapped before entering the house drain. 

(For method of installation see Sect, 40.) 

Table 1. — Soil, Waste and Vent Pipes 


Table Showing Kind and Number of Fixtures; Sizes of Traps; and Diameter of Soil, Waste, and Vent Pipes 


Kind of fixtures 

Soil and waste 

V entf 

Sizes of traps 
required 
(inches) 

Maximum 
developed 
length of 
vent pipe per- 
mitted J 
(feet) 

Number 

fixtures 

allowed 

Sizes of 
soil and 
waste 
(inches) 

Number 

fixtures 

allowed 

Sizes of 
back vent 
(inches) 

1 

Closets 


3 

6 

2 


60 


20 

4 

7-10 

2« 


80 


21-40 

5 

11-20 

3 


100 


41-60 

6 

21-40 

3H 

to 

120 


61-100 

S 

41-75 

4 

4 

150 


101-200 

10 

. 

76-100 

6 


250 

Slop sink with trap combined 

2- 

2 

1 



40 


6- 

3 

6 

2 

2 

60 


7-15 

4 

7-10 

2H 

to 

SO 


16-36 

5 

11-20 

3 

4 

100 


37-64 

6 

21- 

3M 


120 

Sinks, bath tubs, laundry trays, ordi- 

1 


4 

m 


40 

nary slop sinks, small single urinals, 

1-4 

2 

5-8 

2 


00 

and shower baths 

5-G 


9-12 

2H 

IM 

80 


7-10 

3 

13-20 

3 

or 

100 

1 

11-15 


21-30 

3H 

2 

120 


16-30 

4 

31 

4 


150 

Wash basins, cuspidors, bubblers, refri- 

1 


2 

m 


25 

gerators 

1^ ’ 

IH 

2-6 

IH 

IH 

40 


4-10 

2 

6-15 

2 

or 

60 


10-25 

3 

15-40 

3 

larger 

100 


25 

4 

40 

4 


150 

Floor drains 

1 

2 

6 

2 

2 

GO 


1-4 

3 

6-10 

3 

to 

100 


4-8 

4 

10- 

4 

6 

150 


8-36 

6 





Fountain connection 


11.^ 



l}i 

40 


to 


, to 

or 

to 



3 


2 

larger 

()0 

Long trough pedestal, combined trap, 

1 

2 

2 

iH 


40 

and porcelain stall urinals 

1-4 

3 

1-4 

2 

2 

60 


4-10 

4 

4-12 

2H 

to 

SO 


10-25 

5 

12-30 

3 

4 

100 


25- 

G 

1 30- 

4 


150 


* See Section 29 and Fig. 2S. 

t The vent sizes are intended for individual reventing of each fixture trap. 

t After maximum developed length of vent pipe is reached, increase diameter of pipe at each multiple of the 
maximum length permitted. ) 

Note . — Consult also Sections 5 to 10 inclusive. 

— In determining the size of the soil and waste pipe given in Table 1, allow, in addition to each closet 
permitted, one bath, one basin, and one sink or other similar fixture. In determining the size of vent pipe, aOow, 
in addition to each closet permitted, one bath, one basin, and one sink or other similar fixture. (For method of 
installation, see various illustrations.) 
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Section 5. (a) Materials . — All main and branch soil, waste, vent and back pipes should be made of cast iron 

coated with tar or asphaltum, galvanized wrought iron or steel pipe, or lead, brass or copper. 

(&) Minimum Size of Vent Stack . — Where not more than two water-closets are installed below the first floor and 
serve as the only closets in the building, the vent pipe should not be less than 2 in. In determining the size of the 





Fig. 27. — Showing methods of back-venting traps. 


vent pipe, allow in addition to the closet, one bath, one basin, one sink or other similar fixture. The size of the vent 
and waste pipes for basins, sinks, baths or other similar fixtures when they serve as the only fixtures in a building, 
should be governed by the provisions of Table 1. 

(c) Four-inch Stack May be Decreased . — A closet may be installed on a 4-in. soil pipe rising from the house drain 
to first or second floor, and may be vented with a 2-in. vent pipe, provided the premises where such closet is to be 
installed has a 4-in. soil pipe stack of undiminished size extending through the roof (see Fig. 21 ). 

In garages, barns, etc., a closet may be installed on the first floor or ground floor and may be vented with a 2-in. 

pipe. 


Section 6. {a) Roof Extensions . — All soil and waste 

pipes receiving the discharge of any fixture should be 
extended* the full calibre above the roof, except as pro- 
vided for in Fig. 21. 

In no case in cold climates should a vent pipe 
through the roof be less than 4 in. in diameter. The 
roof terminals of such vent pipes should conform with 
the provisions of Figs. 22 and 23. Change in diameter 
should be made by means of a long increaser, at least 6 in. 
below roof (Fig, 21). 

(6) Protection from Frost . — All drain, soil, waste, or 
vent and supply pipes should be as direct as possible, 
properly protected from frost, and when possible arranged 
so as to be readily accessible for inspection and repairs. 

Section 7 . Branch Soil and Waste Extensions . — 
Any vertical or any horizontal branch running verti- 
cally, horizontally, or both, more than 30 ft. from the soil 


[ 
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Fig. 28. 



line should be continued full size to a point above the roof in the same manner as required for main soil pipes, or 
may be returned to main vent pipe full size (Fig. 24). 

Section 8 . (a) Traps, Distance from Vents . — The back vent of any fixture trap should be as close to trap as 

practicable, consistent with its location and effectiveness (see various figures). 

(&) One or Two Water-closets or Similar Fixtures . — Two water-closets on the same floor discharging into a* Y 
or sanitary Tee cross, or one closet discharging into a Y branch or sanitary Tee need not be back vented, providing 
that the developed distance of the horizontal soil branch extended with a grade of not less than in. per ft. does 
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not exceed the inside diameter of the soil branch and the vertical leg between the horizontal soil branch and the 
trap water level does not exceed 2 ft. (Fig. 25 and Sect. 10 and 19c). 

(c) Fixtures other than Water-closets . — Two fixtures other than water-closets discharging into a double Y or 
sanitary Tee cross or an individual fixture other than water-closet discharging into a Y branch or sanitary Tee need 
not be back vented, providing the total fall of the waste pipe between the water level of the trap and the vent pipe 
extended at a grade of not less than in. per foot does not exceed the inside diameter of the branch waste pipe 
(Fig, 26 and Sect. 10 and 19c). 

(d) Crown Vent Prohibited . — In no case should the vent be taken off the crown of the trap (Fig, 27). 

(e) When Deep Seal Resealing Traps of the Centrifugal^ Self-Scouring Type Must he Used, 

1. When a common trap is not adequate pro- 
tection against sewer air. 

2. When the total fall of the soil or waste pipe 
between the water level of the trap and the point of 
venting exceeds the inside diameter of the waste pipe, 
extended at a grade of not less than iJi- ft. 



Fiq. 30. — Method of installing loop vent. 



3. When it is impracticable to vent, a deep seal resealing trap should be installed. So far as is practical 
a free circulation of air must be provided (Figs, 28 and 29). 

(/) Vents Reconnected. All vents should be run separately through the roof, or be reconnected at least 8 in. 
below the roof, or be reconnected to the main vent pipe not less than 3 ft. above the highest floor on which fixtures 
are placed. No fitting for future waste connections should be placed in any soil or waste pipe above the point 
of revent connection (Fig. 22). 

(g) Rearranging of Vent and Revents . — Where fixtures are afterward installed on a soil or waste line above a 
point where the vent or revents enter the vent or vent stack, the vent and revent pipes of the fixtures already in- 
stalled should be rearranged to conform to the provisions of Section 8 (h). 



(h) Vent Pipe Grades and Connections . — All branch vent and back vent pipes should be free from drops or sags, 
and shall be so graded and connected as to drip back to the soil or waste pipe by gravity. Whenever it becomes 
necessary to trap a horizontal vent pipe, an approved method of bleeding should be employed (Fig. 30). 

(i) Fixtures Parted by Wall . — Where bath rooms, water-closets or other fixtures are located on opposite sides 
of a wall or partition in the same building, or are directly adjacent to each other in two inseparable buildings, such 
fixtures may have a common soil or waste pipe and vent pipe stack. 

Section 9 . Continuous or Circuit Vent Installation . — Batteries of closets, urinals, sinks, basins, etc., may be 
installed by the continuous or circuit vent^'system. Loops and circuit vents should be of the following sizes*. 2 in. 

80 
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Fig. 33. — Individual con- Fig. 34. — Method of circuit and unit Fig. 35. — Method of circuit 
tinuous vent. venting. and unit venting. 


Note . — Experience has demonstrated that in order to guard effectively against trap siphonage and back pres- 
sures of air on trap seals in high buildings or in other structures where large volumes of wastes are suddenly dis- 
charged, it is essential that waste and vents of adequate sizes be provided and 
that the cross-sectional area of the main vent lines be equal to that of the soil 
or waste lines. 

Section 10, (a) Unit TenL — Two water-closets located on the same floor 
discharging into a double Y or sanitary T cross in a soil or waste stack, need not 
be back vented, provided that the developed distance of the horizontal soil pipe 
branch extended with a grade of in. per ft. does not exceed the inside diameter 
of the soil pipe and the vertical leg between the horizontal soil pipe branch and 
the trap water level does not exceed 2 ft. 

Two fixtures, other than water-closets discharging into a double Y or sani- 
tary T cross, with no other fixtures discharging above them, may be back vented 
through a common vent or back vent pipe provided the total fall between the 
water level of the trap and vent pipe does not exceed the inside diameter of the 
waste pipe extended at a grade of 34 in. per ft. (Figs. 35 and 36 and Sect. 8 and 
19c). 

(6) Back Vents not Required . — Basement or cellar floor drains, subsoil traps, 
elevator catch basins and similar receptacles need not be back vented when 
branched into an adequate and properly ventilated horizontal house drain 5 ft. 
or more from the base of a "soil pipe stack. For further provisions on this subject, 
see “ Floor Drains and Fixture Wastes.’" 

Fig, 36. — Unit vent and waste (fl) Protection against Trap Syphonage . — Every fixture trap should be pro- 
installation. tected against back pressure and from syphonage, and air circulation insured 

where necessary by a vent or hack vent pipe. 

(d) Dead Ends. — All dead ends in pipes should be avoided in the installation of any plumbing system. 

(e) The provisions of Sections 6 to 10 inclusive relative to soil, waste, and vent pipes (Table 
1) are uniformly applicable to all buildings of ordinary height, construction, and use. 

Plans and specifications for plumbing installations in hotel buildings and buildings of 
like construction, occupancy, and use, of a height greater than 100 ft., should be submitted to 
the proper body for approval, also for buildings coming under this classification where 
the number of plumbing fixtures to be connected to 'a 4-in. soil pipe stack exceeds the number 
given in Table 1. 
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The plans and specifications for such approval should contain such definite information 
together with the basis of design of the system as the appro\dng body may require. 

(/) Basis of Design . — Such installations must conform with the following basic principles- 

1. Soil, waste, and vent pipes must be of adequate capacity and proper design anc^ 
construction. 

2. Distribution of plumbing fixtures must be such that not more than two toilets, twc 
wash basins, and two bathtubs or similar fixtures will be tributary to anj^ soil or waste stack or 
the same floor level except when such pipe is greater than 4 in., in which case a proportionately 
larger number of fixtures may be added. 

3. All plumbing fixture traps shall be effectively protected against syphonage or back 
pressure that may cause traps to blow or fixtures to overflow. 

4. The system should be so designed and installed that there will be no retarded flow or 
back pressures to interfere with the proper functioning of the plumbing fixtures or apphances or 
with the installation as a whole or to impair service and sanitation. 


Note. — Because of the varying constructional conditions and sanitary equipment which it is impossible to 
anticipate, it is impractical to set forth other than the basic rules governing. Upon application accompanied 
by necessary information, the general requirements may be outlined, and preliminary or incomplete plans may 
be submitted for recommendation, but detailed plans must be submitted to the state or local department before 
final approval is given. 


More stringent back-venting requirements than have here been outlined are contained in some plumbing 
codes. A few will be cited as examples: 

Trap Back-vented. — “ Every fixture trap shall be protected from siphonage, and air circulation assured by means 
of a vent or back-vent pipe.” 

Vents, Lengths from Trap. — “The back vent of any fixture shall be as close to the trap as practicable consist- 
ent with its location and effectiveness. The developed length of the waste pipe of any fixture from its trap to the 
vent pipe shall not exceed 24 in. ' 

“For the purpose of obtaining a direct rising vent from a vertical waste line, a fixture trap immediately under 
a small fixture waste shall be placed not more than 24 in. from the vertical waste and vent line, measured between 
the center of the waste and vent, provided that the point of entry into the vertical waste line is not lower than the 
bend of the trap. For water-closets, pedestal urinals, and trap standard slop sinks the distance allowed between 
the waste opening in the floor or wall and vent or back vent shall not be more than 24 in. developed length.” 

Back Venting — Water-closets. — “Every earthenware fixture with trap combined shall be unprovided with a 
back vent horn. 

“ Every water-closet, pedestal urinal and slop sink having a floor connection shall be back-vented from the soil 
or waste branch and preferably on the top of the branch. "When connected with the vertical arm of a bend, it 
shall be made above the top of the horizontal branch. 

(“ This vent must rise at an angle of 45 deg. or less to vertical, to 6 in. above the horizontal branch.”) 

Circuit Loop and Continuous Vents. — “Every branch soil or waste pipe to which a group of two and not more 
than eight water-closets, pedestal urinals or trap standards slop sinks are connected, may be vented by a cir- 
cuit or loop vent, provided such horizontal branch does not exceed 25 ft. in length and the fixtures are within the 
prescribed 24-in. limit from the branch forming the circuit vent. Connections from such branch shall be taken 
from Y or TY branches. The vent shall be taken off in front of the last fixture connection, and must rise at an 
angle of 45 deg. to vertical to a point 6 in. above the top of the highest fixture before offsetting horizontally or con- 
necting to the branch, main, waste or soil vent. 

“Where fixtures discharge above such branch, each branch shall be provided with a relief vent one-half the 
diameter of the soil or waste stack taken off in front of the first fixtxire connection and rise at an angle of 45 deg. 
to vertical to a point 6 inches above the highest fixture before being offset horizontally or connecting to the branch, 
main waste or soil vent. 

“ The main soil or waste stack shall be offset at every fourth story containing fixtures, immediately below the 
branch, soil, or waste connection. 

“The soil and waste pipes shall conform to the following sizes: 

Size of Bouse Drains, Soil and Waste Stacks, Mains and Branches. — “Twenty square feet of roof or yard area 
in horizontal projection counts as one fixture. 

“ Three feet of urinal trough or wash sink counts as one fixture. 

“One bath, basin, sink or smaller fixture counts as one fixture. 

“ One pedestal urinal or slop hopper sink counts as two fixtures. 

“One water-closet counts as four fixtures. 

“Dimensions given refer to the inside diameter. 

“Providing that the number of water-closets on any soil pipe, with or without other fixtures, shall never exceed 
the number given in the last column. 
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“ Maximum Number of Fixtures 


Size of pipe 
(inches) 

Waste, soil and waste combined 
(fixtures) 

Soil pipe alone 
(water-closets) 

13^ 

1 


IK 

3 


2 

8 


2H 

10 


3 

20 

2 

3K 

40 

2 

4 

64 

16 

5 

144 

36 

6 

288 

72 

7 

604 

126 

8 

840 

210 

9 

1160 

290 

10 

1600 

400 

11 

2120 

530 

12 

2840 

710 


“ Where it is impractical to use 4-in. soil pipe for water-closets, 3-iii. soil pipe may be used for vertical stacks, and 
shall conform with the number of fixtures in the above table. If earthenware drains or sewers are used, the diameter 
of the pipe shall be increased one size over the above table. 

The main vent pipe shall conform to, and the branch vent pipe shall be one full size larger than the sizes pre- 
scribed below: 

“ Size of Vent Pipe Stacks . — The following table gives the size of vent pipes and the maximum number of fixtures 
that they shall serve; 


Size of pipe 
(inches) 

Maximum developed 
length in feet 

Number of traps in 
IK or less 

Number of traps 

2 in. 

Number of 
water-closets 

m 

15 

1 (IK in- trap) 



IK 

25 

3 

1 


2 

40 

12 

6 

3 or less 

2K 

60 

24 

12 

6 

3 

90 

48 

24 

12 

3K 

130 

100 

50 

25 

4 

180 

160 

80 ^ 

40 

5 

240 

210 

140 

70 

6 

330 

480 

240 

120 


“ For 5-in. traps and over, the vent shall be one-half the diameter of the trap except as prescribed for latrines. 
"If the length of a branch or main vent pipe is to exceed the given maximum, the above diameter must be 
increased to the tabulated size opposite the length required, irrespective of the number of traps vented, but in no 
case shall the main be less than one-half the diameter of the adjoining soil pipe.” 


Section 11. (a) Grade of Horizontal Pipes . — All horizontal drain, soil and waste pipes should be run in practical 
alignment and at the uniform grade of in. per ft, or more; but in no case should the grade be less than Yb in. 
per ft., whether under cellar floor or supported by piers, posts, wall ledges or iron hangers. 

(b) Changes in Direction . — For information on changes in direction of soil, waste, and drain pipes, see Figs. 
37, 38 and 39 and Table 3. 

(c) To Increase or Reduce Size of Pipes . — Proper fittings of sanitary design should be used to increase or reduce 
size of pipes. (For prohibited fittings, see Sect. 16.) 

Section 12 (a) Hangers and Supports , — All hangers, pipe supports and fixture settings in or against masonry, 

concrete or stone backing should be securely made with expansion bolts or other approved methods without the 
use of wood plugs. All drainage and plumbing pipes should be rigidly secured and supported so that the proper 
alignment will be retained. 

(6) Backgrounds. — Backgrounds, except under special conditions, must be provided for the securing of closets, 
tanks, basins, sinks, brackets and all other wall fixtures or hangings. 
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(c) Stack Supports. — All stacks shall be thoroughly supported on concrete, masonry piers, or foot rests at their 
bases; and those 10 ft. or more in height should also be provided with floor rests or other substantial supports at 
10 ft. or floor intervals. All pipe supports should be made of heavy iron posts, wall hangers or brackets, steel 
fittings, or concrete or masonry piers. All brick piers should be at least 8 in. square and laid up with cement mortar. 

Quality and Weight of Materials 

Section 13. Vitrified Pipe. — All vitrified pipe and fittings should be first quality vitrified clay pipe, sound and 
well burned throughout their thickness, with weU-glazed smooth exterior and interior surfaces, free from cracks, 
flaws, blisters, fire checks and all other imperfections which would impair their value. 

Section 14. (a) Cast-iron Pipe. — All cast-iron pipe fittings should be made of close-grained gray iron, ductile 

and readily cut with file or chisel, smooth on the inside, free from flaws, sand holes or other defects, and of a uniform 
thickness. Such pipes and fittings should not be lighter than the commercial grafde known as “Standard.” 

Note. — On account of its greater durability and ease of installation, it is recommended that “extra heavy” 
cast-iron pipe be used in all plumbing systems. 

(6) Weights of Cast-iron Pipes. — All cast-iron pipe, including hubs, should weigh not less than the weights per 
foot given in Table 2. 

Table 2 


Diameter 

(inches) 

Standard weight per foot 

Extra heavy weight per foot 
(pounds) 

2 

ZH 

5H 

3 


m 

^ 1 


13 

5 

m 

17 

6 i 

lOH 

20 

7 

.... 

27 


.... 

331 ^ 


(c) Coating for Cast-iron Pipe and Fittings. — All pipe and fittings should be coated with asphaltum or coal tar 
pitch. Both pipe and coating should be heated to a temperature of 300 deg. P. before the castings are dipped. 


Table 3. — Showing Minimum Radius of Cast-iron Soil Pipe Fittings Permitted When 

Change of Direction Is Made 


(Case A) When direction of flow changes fron horizontal to vertical; 


Size of pipe (inches) 

B 

3 

4 

5 

6 


Minimum radius (inches) 

B 

3M 

4 

4>^ 

5 . 



(Case B) When direction of flow changes from vertical to horizontal: 


Sizes of pipe (inches) 

2 

— 

* 

4 

5 

6 

Minimum radius (inches) 

3 1 3H 

1 

4 

4K 

5 


(Case C) When direction of flow is at right angles and changes from horizontal to horizontal: 



2 

3 

4 

5 

6 


Minimum radius (inches) 

5 

1 

6 

! 


7 



Note. — -A combination y and bend or Y and % bend is recommended. When a pipe of smaller diameter 
eaters a pipe of greater diameter, a fitting with a minimum radius as shown under Case A may be used. 

When sanitary T’s or wiped branches are used in change of direction they should be so arranged that the flow 
from other fixtures will serve as a wash. 

For method of determining radius, see Pigs. 38 and 39. 

Section 16. (a) Wrought Iron Pipe. — All wrought-iron pipe or steel pipe, known to the trade as merchant or 

full weight pipe, used for soil, waste or vent pipes, should be galvanized and not ligher than shown in the following 
chart: 

JVoffi.-Klalvanized wrought iron is higher recommended owing to its superior lasting qualities. 
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Table 4 


Diameter, 

Weight per line 

inches 

pounds 


2.73 

2 

3.68 

23^ 

5.82 

3 

7.62 

3H 

9.20 

4 

10.89 

4^ 

12.64 

5 

14.86 

6 

19.18 

7 

23.77 

8 

25.00 


(a) Screw-thread Fittings. — Threaded fittings for vents and back vents shall be malleable, cast iron, or brass. 
All screw thread fittings used for soil and waste pipes should be of the recessed, drainage fitting pattern; and 
the same rules for change of direction given in Tables 3 and 5 will apply. All iron screw thread fittings for soil, 
waste or vent pipes should be galvanized or asphaltum coated. 

Table 5. — Showing the MrsriMTrM Length op Face to Center op Drainage Fittings 


(Case A) Wben direction of flow changes from horizontal to vertical: 


Size of pipe (inches) 

m 

1>2 

2 

— 

2H 

3 

4 

5 

6 

Distance from face to center (A), 
Fig. 16 (inches) 

IH 

2Hc 

294 

2^He 

3Ht 


■04 

5^6 


(Case B) When direction of flow changes from vertical to horizontal: 




VA 

2 

2A 

3 

4 

5 

C 


Distance from face to center (A) , Fig. 
37 (inches) 

2H 

2A 

SMe 


4K 


6H 

7H 



(Case C) When direction of flow changes from horizontal to horizontal, use same distance from face to center 
as in Case B, 

Note. — ^Long turn Y branches or Y and % bend are recommended. 

'Section, 16. Prohibited Fittings. — Sanitary Tees of short radius should not be used except in connected hori- 
zontal to vertical soil or waste pipes in which the flow is toward the vertical line. The use of one-fourth bends or 
elbows in soil or waste pipes is governed by Tables 3 and 5, and Figs. 38 and 39. 

One-fourth bends with side or heel outlets, except when they are made with Y or sanitary T branches, and all 
double hub fittings, double Tees and double sanitary Tees when used horizontally are prohibited, except when 



Fio, 37. Fia. 38. Fig. 39, 

smaller pipes discharge into a large pipe. Double hubs and double hub fittings may be used on rain water leader 
and vent lines. Offsets having less than one-fifth pitch should not be permitted. The use of a drive ferrule is 
prohibited, and the use of combination lead ferrules should be permitted only when the calk joint can be made in 
the upright position. All waste and vent pipes 'should enter soil pipe by means of properly inserted fittings.* 

The drilling and tapping of soil, vent and waste pipes and house drains to receive waste and vent pipes of any 
description generally is strictly prohibited, and in no case is the use of saddles or bands permitted, without permis- 
sion from the plumbing inspector. ' 

Note. — All such saddles must be of eflficient design and construction. 

Whenver horizontal wrought or galvanized iron pipe connects with cast-iron soil, waste or vent pipes, tapped 
fittings or tap extension pieces should be used wherever practicable. No double hub or inverted calk joint should 
be permitted in soil and waste lines. 
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Section 17, Lead Pipe Bends and Traps, Weight of . — All pipe used for brancn soil, waste, vent or flush pipes, 
including bends and traps, should be the best quality of drawn lead pipe, of not less weight per lineal foot tnan 
shown in Table 6. 


Inside diameter 
(inches) 


1 .. 

IK. 
2 .. 

3.. . 

4.. 


Table 6 

Weight per foot 

2 lb. 0 oz. 

2 lb. 8 02. 

3 lb. 8 oz, 

4 lb. 0 oz, 

6 lb. 0 02. 

S lb. 0 oz. 


Section 18. Brass Pipe, Fittings, Tubing, and Casting . — All brass pipe used for soil, waste and vents, except 
fixtures, traps and overflows, should be of commercial iron pipe gage. 

All brass fittings for soil, waste or vent pipes should be of a good quality of cast brass, having a thickness cor- 
responding to brass pipe of the same diameter. The thickness of threaded ends must be equal to the thickness 
of the corresponding pipe size at the root of the thread. 

All brass tubing used for fixtures, traps and overflows between waE or floor and fixtures should be of a good 
quality of brass and of a thickness at least equal to No. 18 Brown & Sharp gage. 

All brass fittings used for fixtures, traps and overflows should be of a good quality of brass, free from sand 
holes, flaws or other defects, and of a uniform thickness equal to twice the thickness of the brass tubing. The 
thickness of the threaded ends should be equal to the thickness of the flitting at the root of the thread. 

Soldering nipples should be of heavy cast brass, or of brass pipe of iron weight, thickness and size. When cast 
they should be of full bore and of not less than the weights given in the following table: 


Table 7 


Inside diameter, 
inches 

Weights 

IK 

0 lb. 6 oz: 

IK 

0 lb. 8 oz. 

2 

0 lb. 14 oz. 

2K 

1 lb. 6 oz. 

3 

2 lb. 6 oz. 

4 

3 lb. 8 oz. 


Brass ferrules should be of a good quality of brass, composed of a mixture that will fuse readily with plumber’’8 
solder, free from sand holes, flaws or other defects, uniform in thickness, and at least 4K in. long of a size and 
weight as per Table 8. 


Table 8 


Inside diameter, 


inches 

Weights 

IK 

1 lb. 1 oz. 

2 

1 lb. 4 oz. 

3 

1 lb. 14 oz. 

4 

2 lb. 8 oz. 

5 

3 lb. 0 oz. 

6 

3 lb. 8 oz. 


Traps and Clean -outs 

Section 19. (a) Traps . — Each fixtxire, except those wasting as described in this section, should be separately 

trapped by a water seal trap, placed as close to the fixture as possible. 

Every trap should be self-cleaning. No form of trap should be used which depends upon the action of mov- 
able parts for its seal. Nor should a trap be used which depends upon concealed interior partitions for its seal, 
unless such interior partitions are made of indestructible material. No trap should be used which in case of defect 
would allow the passage of sewer air. Grease traps with integral cast partitions of indestructible material may be 
used. Drum traps or their equivalent should be used whenever practicable under all bath tubs and shower baths 

Traps for bath tuba, basins, sinks or other similar fixtures should be made of lead, brass or iron. (For depth of 
trap seals see Table 9 and for size see Table 1.) Each trap should have a water seal of not less than 2 in. Laundry 
trays, wash tubs, or similar fixtures may waste into a single trap. The outlet waste pipe and trap of three or four 
compartments should be at least 2 in. in diameter. 

(6) Trap Clean-outs . — All traps placed between a floor and a ceiling, or in any other accessible place, should have 
a brass screw clean-out flush with the floor or accessible from under the floor. 
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Table 9. — Depth op Seal pok Common Traps 


Size of trap (inches) 

m 


2 

■ 

4 

5 

6 

Depth of seal (inches) 

2 

2 

2 



1 



Depth op Seal por Deep Seal Traps 


Size of trap (inches) 


VA 

2 

3 

4 

5 

6 

Depth of seal (inches) 

4 

4 

4 

5 

5 

5 

5 


All traps used in combination with fixtures which are readily accessible and removable need not be provided 
with a brass screw clean-out plug. 

(c) Setting of Traps . — All traps should be rigidly supported and set true with respect to their water level, and 
be BO located as to protect their seals. All that portion of the waste pipe of P trap extending to the point of venting 
is to be considered as a part of the trap, and the total fall between water level of the trap and vent should not exceed 
the inside diameter of the w’aste pipe (see Figs. 26, 27, 28, and 40, and Sect. 8 and 10). 

(d) Traps — Where Prohibited . — Traps should not be placed at the foot of soil or waste pipe stacks, except 
where such a drain or sewer is used exclusively for conducting rain water or surface water to a house drain or sewer. 


(e) Traps or Rain Water Leaders . — One trap may 
serve for one or more rain water leaders, providing no part 
of said pipe is used for a soil or waste pipe. When rain 
water leaders are carried up to the roof of a building they 
need not be provided with traps, unless such conductors 
terminate within 12 ft. of any door, window, ventilating 
hood or air intake. Conductor branches taken off a head 
of the main house trap on street side should be provided 
with traps properly located to guard against frost. 



Fig. 40. — Method of connecting bath, 
showers, and similar fixtures. 



Fig. 41. — House trap and fresh air inlet. 


(J) Other Waste Connected to Wateri-closet Trap Prohibited . — In no case should the waste from a bath tub or other 
fixture be connected with a water-closet trap. 

(jg) Overflow Connections . — Overflow pipes from fixtures in each case must be connected on the inlet side of the 

trap. 

Section 20. (o) Main House Trap . — The house drain may be provided with a horizontal trap set level and 

placed immediately inside of foundation wall where sewer enters building. This trap should be provided with a 
handhole to which clean-out is connected. 

Main house trap may be omitted (1) in building where the roof terminals of soil and vent stacks are favorably 
located, when plumbing is free from defects, fixture traps proper protected from siphonage, and the installation 
made in a durable and approved sanitary manner; (2) in new sewerage districts or districts practically free from 
main traps; and (3) with certain limitations, in sewerage districts where existing house drains are equipped with 
main trap. 

When main traps are used they must be provided with a fresh, air inlet on the house side of the trap (Figs. 20 
and 41) . 

(6) Fresh Air Inlets Where Main House Traps Are Used . — There must be a fresh air inlet entering the house side 
at least 2 ft. from the water seal of the main trap. The inlet when exposed should be coyered with a substantial 
fresh air cap or return bend. When located under a porch, a free circulation of air must be provided. 

(c) Location of . — No fresh air inlet should be so placed that a cold air intake for a furnace or heater may draw 
air from the same, nor should it be open at a point less than 4 ft. from any door, window, or other air intake. 




Sec. 6-22] 


PLUMBING AND DRAINAGE 


1341 


Section 21. Back Flow Values . — Drain pipes from fixtures should be provided with adequate backwater valves 
when subject to back flow or backwater from sewer. Such backwater valves should be so placed as not to interfere 
with the flow or discharge of any conductor or rain water leader or other fixture, and be readily accessible for cleaning, 
and should be provided with a back vent pipe or fresh air inlet so arranged as to avoid a dead end. 

Section 22. (a) Clean-outs . — Where main house traps are installed, cast-iron pipe should be extended from 

hand hole of trap to a point 2 in. above the surface of finished floor or grade. All clean-outs in house drains should 
be at least 4 in. in diameter (Figs. 20 and 41). 

All additional clean-outs for main house drain should be extended where practicable to a point 2 in. above the 
surface of the finished floor or grade. 

All other clean-outs should be of adequate size and located in such a manner as to serve the purpose for which 
they were intended, and all clean-outs should be so constructed as to make possible the entering of the drain with 
rod or wire. 

(6) Construction of Clean-ouis. — When solid brass screw caps for clean-outs are used, they should be at least 
J-ia-in. thick and provided with standard pipe thread and square or hexagonal head at least % in. high. The ferrule 
when made of brass should be at least ^ 6 in. in thickness; and when made of iron the same weight per foot as extra 
heavy cast-iron soil pipe. The screw cap should have at least five threads of iron pipe size. 

Note.- — -Clean-outs should be provided for all large troughs, pedestal and porcelain stall urinals at such points 
that all parts of waste may be reached conveniently with sewer rod or wire. 

Joints and Cotmcctions 

< Section 23. (a) Joints in Vitrified Pipe , — Joints in vitrified pipe shotild be made with mortar composed of 

equal parts of hydraulic or Portland cement and sharp clean sand, thoroughly mixed dry, with enough water added 
to give the proper consistency. The joints must be pointed carefully on the outside, and the pipe left clean and 
smooth on the inside by drawing through it a swab or scraper. 

(6) Vitrified and Iron Pipe . — Underground joints between vitrified and iron pipe should be made the same as. 
above required for vitrified pipe. 


T% 


'So)! ptfie 


orso/aer^, 

I 


Groundj ^ 
scnst^ ca/k 
orm'pcct 




.Ground, scmr 
gaskefor 

sofcfer 


Fig. 42. — Permissible trap joints 
and connections. 




(c) Cast-iron Pipe . — All joints in cast-iron pipe should be made by first inserting a roll of hemp, oakum or jute 
and thoroughly calking it in place, and then following with pure molten lead well calked, not less than 1 in. deep, 
lead to be brought to top of hub and faced. No paint* varnish or putty should be allowed in the joints until they 
have been tested. 

(d) Wrouffht Iron and Brass . — Joints in galvanized iron or brass pipe should be standard screw joints, and all 
burs or cuttings should be removed. All screw joints should be made with white or red lead, mineral paint, red lead 
and varnish or other approved compounds. 

(e) Wrought Iron or Brass and Cast Iron . — Connections between wrought iron or brass and oast iron should be 
either a calked joint or a screw joint. 

The following table shows the number of threads per inch on standard wrought iron or full weight steel pipe: 


Size of pipe Number of threads 

(inches) to the inch 

% 27 

34 and ^8 . . 18 

34 and 5-4 14 

lto2... IIH 

3 to 10... 8 


(/) Joints in Lead Pipe . — Joints in lead pipe or between lead, brass or copper pipes should in all oases be wiped 
joints except solder brazed or sweated joints on brass reamed concave bushing's in connection with exposed brass or 
lead traps shown in Figs. 27 and 42, 

{g) Wr ought-iron Pipe Connections . — Connections between lead and cast or wrought-iron pipes should be made 
with a calked joint, a soldering nipple or threaded joint. Wrought-iron pipe connections should be naade with a 
right and left coupling, flanged union with durable gasket, a ground faced union or an extra heavy running thread 



1342 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. 6-22 


with lock nut made tight with wicking and red or white lead, and be asphaltum coated upon completion. Ail 
unions used on the sewer side of traps should be ground faced. No slip-joint connection should be allowed on the 
sewer side of the trap (Fig. 42) . 

Section 24. (a) Roof Joints . — The joint at the roof should be made water-tight by the use of proper sheet 

copper or lead plate (Figs. 21, 43, 44 and 45). 



Fig. 45. — Roof flange. 



Ntpp/eJ. " 
Qr/k 


5cmr 

joint 


floor 


W 

Fia. 46. — Closet and similar fixture bends. 


(6) Roof Flashing. — Sheet lead for roof flashing should weigh not less than 3 lb. per sq. ft. and should extend 
not less than 6 in. from the pipe. Other flashings of substantial material are permitted. 

Note. — Roof flashings of durable material designed and constructed so that an adequate air space is provided 
between the pipe and flashing are recommended. The term “substantial material” as used in this section is 
intended to mean 3 lb. sheet lead, or copper, brass or galvanized iron of adequate weight and construction. 

Section 25 , Earthenware with Metal Floor Connections. — The connections between soil pipe and fixtures with 
combined earthenware, vitreous china or enameled iron may be made with a solid brass floor plate, not less than 

M 6 in. thick, soldered, screwed or calked to bend or pipe, securely 
anchored to the floor and bolted to trap flange (Fig. 46). 

Joints should be made air-tight with an adequate asbestos 
graphite ring or asbestos gasket washer. To insure the tightness 
of this joint a paste of red or white lead or other equal compound of 
the consistency of putty, should be used. Add sufficient putty or 
whiting to the read lead to make the proper mixture (Fig. 47). 
Various patented joints of approved make are usually permissible. 

Section 26 . Water and Air-tight Joints. — All joints and con- 
nections mentioned under this title should be of substantial con- 
struction and be made water-tight and air-tight. 

Section 27 . Connections to Lead Closet or Similar Bend. — It is 
recommended that no waste pipes conveying hot water be branched 
into lead bends receiving the discharge of water-closets or other simi- 
lar fixtures, except that for economical and practical installation reasons it may be permitted in cases where new 
fixtures are added to old installations (Fig. 46) . 

Surface and Water Connections 

Section 28 . (o) Rain-Water Leaders Not to Connect to Sanitary Sewer. — Roof leaders or down-spout wastes 

and surface and ground watjr drains should be connected wherever possible with a storm sewer; but they should 
not be connected to house sewers which discharge into sanitary sewers. 

(6) Inside Leaders, — All roof leaders, when placed within the walls of any building, in an interior court, or in a 
ventilating or pipe shaft, should b^ made and pl?iceid. as specified for soil, waste and vent pipes. 

(c) Connections with Rain-Water Leaders — When Prohibited. — Rain water leaders should not be used as soil, 

waste or vent pipes; nor should any soil, waste or vent pipes be used as rain water leaders. * 

(d) Defective Rain-Water Leaders. — When an existing rain water leader within the walls of any building becomes 
defective, such leader should be replaced by one which conforms to the sanitary requirements. 

(«) Rain-Water Leaders When Connected to Drains. — When rain water leaders are connected to house drains 
within the building, the horizontal part extending 2 ft. inside the basement wall and the vertical portion outside 
the building wall should terminate with the hub at grade line, and should be made of cast iron of same weight and 
durability as provided for house drains (see Fig. 48). 

(/) Roof Terminal Connections. — Connections between gutters, troughs, roof areas and rain water leaders 
inside the building should be made of durable material (see Section 19e). Note. — The term “durable'’ material 
as used in this section means a brass ferrule, a brass soldering nipple, extra light lead pipe, 12 oz. copper, No. 18 
gage brass or cast iron receivers properly connected with calk or screw joint, or the equivalent of any of those 
mentioned above. 

ijg) Rain-Water Drains to Curb. — Where no sewer is accessible, or where rain water is prohibited from entering 
the sanitary sewer, surface inlets and rain water conductors should be drained separately to the curb line where 
practicable by drain pipes not less than 4 in. in diameter, and discharged inlfco the public gutter, unless permitted to 
drain elsewhere. 


Scfcfer J oint 



Fig. 


47. — Methods of making earthenware 
to metal floor connection. 
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Miscellaneous Provisions 

Section 29. Three^inch Soil Stack. — Where a 3-in. soil pipe stack is in place, or where it is wholly impracticable 
to use a 4-in. soil pipe for water-closets, a 3-in. soil pipe may be used for vertical stacks which should conform in 
construction with Fig. 49, also Table 1. * 

Section 30. Rural Residence. Installation. — Where plumbing is to be installed in a small rural residence with 
main sewer draining into a residential septic tank, it may be done in accordance with Figs. 29 and SO. The piping 
must, however, be so designed that every fixture trap is protected from siphonage, and air circulation assured by 
means of a fresh air inlet on main drain and a vent where necessary. 

Section 31. Hot Wat&r and Steam Wastes. — All exhaust, blow-off, sediment or drip pipe connections from a 
steam boiler or any other hot water discharge should not be connected to any house sewer or drain without first being 
cooled below a temperature of 140 deg. F. in a suitable tank, catch basin or other cooling device; when necessary 
such installation must be provided with an adequate local vent or relief pipe, extending to the outer air. 

Note. — The capacity of the catch basis or other cooling device and the relief pipe depends upon the steam pres- 
sure carried, size of the boiler, and volume discharged. 



Fig. 48. — Methods in connection with the 49. — Method of installing closets on 3-in. pipe, 

installation of vitrified clay house drains. 


Section 32. Terminals. — The roof terminals of all vent pipes should be extended at least 3 ft. above any, 
door, window, scuttle, air shaft or other opening used for ventilation when located at a distance less than 12 ft, 
from such terminal (Figs. 22 and 23). When it is necessary" to extend the roof terminals of soil, waste of vent 
pipes more than 3 ft. above the roof, they should have an adequate frost-proof covering. 

Whenever a new building is erected higheJr than an adjacent existing building, the owner of the new building 
should not locate windows within 12 ft. of an existing vent stack on the lower building, unless the owner of such new 
building defrays the expenses or makes, himself, the alterations necessary to conform with this requirement. 

Section 33. Waste Pipes for Acid Tanks. — The waste pipes and traps for acid tanks, sinks and other receptacles 
receiving the discharge of acids in chemical laboratories, electrotyping, lithographing and other similar establish- 
ments must be made of extra heavy cast iron, coated inside and out with tar and asphaltum, extra heavy lead pipe, 
or lead-lined iron pipe of adequate durability. The waste pipes may be of vitlrified clay when placed outside the 
building, or when serving within the building as a local conveyor between acid tank, dilution tank, or other receiving 
basin. 

Catch Baslus, Sumps and Ejectors 

Section 34. (o) Orease Catch Basins. — All grease catch basins should be constructed in a water-tight and sub- 

stantial manner of brick, cement, concrete, iron or vitrified clay pipe. The outlet should be provided with a 4-in. 
inverted bend and clean-out, should be submerged at least 8 in., and should be placed in the wall of the basin not less 
than 2 ft. 6 in. above the bottom. The basin should have an air-tight stone, cement or cast-iron cover. 

(6) Where Used. — Grease catch basins of adequate capacity are usually required wherever kitchen or other 
greasy wastes from hotels, restaurants, club houses, public institutions or similar places are discharged into the 
sewer. The capacity of the basin should be at least twice that of the volume of waste discharged during any 
1 hour. In many localities grease catch basins may be omitted from the plumbing system of a private residence. 

Note . — Grease traps of the water-cooled type properly designed, constructed and installed and of adequate 
capacity usually are permitted, 
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(c) Where Located. — Wnenever possible, grease catch basins should be installed just outside the wall of the 
building, and as near as possible to the kitchen or other sink. Where they are installed on the inside of buildings, 
they should be made of cast iron or reinforced concrete, with air-tight iron cover. Concrete catch basins should 
have a metal ring embedded in the concretefto which cover may be bolted (Fig. 51). 



Section 36. Yard Catch Basins. — A yard catch basin should be constructed in the same general manner as 
provided for grease catch basins, except that they should be at least 20 in. in diameter, and in cold climates the 
outlet should, where possible, be at least 4 ft. below the surface of the ground. The basin should have a cover of 
atone or heavy cast iron with strainer flush with the surrounding ground. 

A yard catch basin may be installed to receive surface drainage or discharge from pump, yard, hydrant or other 
outside waste. 

Section 36. Stable Catch Basins, — When liquid wastes from barns, stables, manure pits and stable yards are 

permitted to enter the public sewer system, they should be intercepted by 
a properly trapped catch basin of suitable design. 

Conductors or down-spouts when permitted in a sewerage system 
may be connected with such stable or barn catch basins to act as local 
vents. 

Section 3T. Garage Catch Basins. — Garage drains should be inter- 
cepted before entering the sewer by a suitable catch basin properly 
trapped. A 4-in. conductor pipe when permitted to connect with house 
drainage or sewerage system may be connected to this catch basin to act 
as a local vent. In the absence of the latter, a 4-in. fresh air inlet from 
the outer air or a local vent through the roof is recommended. Some 
types of commercial “garage intercepting basins” are so designed that 
they may be recommended. Size of basin, method of installation and 
proper connection are important factors. 

It is recommended that garage drains discharge into yard catch 
basins constructed in the manner provided in Sect. 35. 

Note. — Grease, yard, stable and garage catch basins and other similar 
receptacles must be kept clean and sanitary. The sediment collected 
in the same should be removed often enough to prevent obstruction of the drainage pipes. 

Section 38, (a) Ejectors — When Required. — In all buildings in which the whole or a part of the drainage and 

plumbing system lies below the flow of the main sewer, the sewage or house wastes should be lifted by artificial 
means and discharged into the main sewer. 

(6) Sumps and Receiving Tanks. — All house drains discharging below the floor line of the main sewer should 
be connected to a sump of adequate capacity with air-tight cover. It should be so located as to receive all such 
drainage by gravity and be vented with an adequate vent pipe. 
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Floor Drains and Fixture Wastes 

Section 39 . Basement Floor Drains. — Cellar or basement floor drains should not be permitted unless they 
connect with a deep seal trap so constructed that it can be cleaned readily, and under proper conditions sewer air 
excluded (see Section 106). 

When subject to back flow, such drains should be equipped also with an adequate backwater valve (see Sect. 
21 and 10). 

Note. — When possible ice-box drains, bubblers and similar wastes should be connected with the floor drain so 
as to maintain a permanent water seal (Fig. 52) . 

Section 40 , Subsoil Receiver. — The discharge of drain 
tile from footings of buildings should be collected in a sub- 
soil receiver or trap, of adequate capacity, having a water- 
tight cover securely bolted or screwed on. This cover should 
be at least 2 in. above the basement floor (Fig. 53). 

Note. — Subsoil drainage frequently carries sand from 
surrounding soil. For this reason care should be taken that 
the tile is not so installed that it will undermine the footings 
of foundation walls. When subsoil drains are connected to 
the sewerage system subject to back flow, such drains must be 
equipped with an adequate backwater valve. 

Section 41 . Wastes from Laundries and Similar Establishments. — Waste pipes in dye houses, breweries, bottling 
works, dairies, laundries, and similar establishments where much water is used may discharge directly upon a 
non-absorbent floor, provided with an adequate number of floor drains, which drains should be connected to the 
house or yard catch basin by means of cast iron or vitrified pipe. 

Floor drains located above base- 
ment floor should be considered as a 
plumbing fixture and should be of 
adequate size (Figs. 54 and 55). 

Note. — The wastes coming from 
laundries and similar industries located 
above the basement floor may, as a 
result of the production of soapsuds, 
create conditions that will affect the 
flow of wastes coming from other fix- 
tures on the same soil or waste line. 
An independent line or lines, as the 
case may require, should therefore be 
provided. 

Section 42 . Soda Fountain Wastes. 
Bar, soda fountain and similar wastes 
may be installed in accordance with 
one of the methods shown in Fig. 56. 

The trap, waste and vent pipes may be located at either side of the bar or at any convenient point at the side 
of the bar. 

Note. — It is recommended that the washing compartments be provided with standing waste and overflow pipe, 
and that a continuous flow of fresh water be maintained while the bar or fountain is in use. 

Section 43 . Ice House and Storage Drains. — The floor drains in ice house and refrigerator rooms, markets, 
slaughter-houses, storage rooms for provisions, or any room where ice is stored or used should be of adequate 
size, properly trapped, and when necessary discharge into a catch basin. 

Section 44 . Refrigerator Wastes. — The waste pipe from a refrigerator, ice box or trap, or any receptacle in 
which provisions are stored should not connect directly with any drain, soil or waste pipes. Such waste pipes 
should be so arranged that they may be flushed properly (Fig. 57). 

Section 45 - Areas and Court Drains. — When permitted to connect to the sanitary or house drainage system, 
the various drains from small yards, areas and courts may be connected together and their contents discharged 
into a yard catch basin, an adequate basement floor drain or a deep seal trap, so located that it is readily accessible 
for cleaning and is protected from frost. The surface opening of the drain to catch basin must be provided with 
an adequate strainer, and where necessary with a back flow valve. 

Section 46 , Elevator Connections. — All hydraulic elevators, lifts and motors in order to prevent back pressure 
in any sewer drain, soil or waste pipe, should discharge into a tank of adequate capacity. Such tanks should have 
an adequate deep seal trap or inverted bends and where necessary a back-water valve (also see Sect. 10 and 21). 

Section 47 , Bubbler Waste — How to Drain. — Waste pipes from bubblers may discharge into an open fixture, 
trapped funnel or floor drain. Such waste pipes, however, should be trapped to preclude their use as a local vent 
for cellar, etc. 

When bubblers are connected directly to soil, waste or drain pipes, they should be trapped and vented properly 
(Fig. 58), 

Section 48 . Dental Cuspidors. — Dental cuspidors when connected to a waste pipe must be effectively trapi>cd 
and may be adequately vented as shown in Fig, 59, 


■ 
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Fig. 53. — Method of connecting subsoil or tile drains with sanitary sewer. 
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Fig. 62. — Typical floor drains. 
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The length of the horizontal waste pipe between the vent pipe and trap must not exceed 15 ft. The total fall 
of the horizontal waste pipe between trap and vent should not exceed the inside diameter of said waste pipe. 

Section 49. Cistern Overflow. — Overflow pipe from cisterns should not connect directly with any house sewer, 
but should discharge into an open fixture, catch basin or floor drain. 

Note. — Overflow pipes from cisterns should not discharge, 
however, into sanitary sewers intended for domestic use only. 

Section 50. Overflow Pipes. — The discharge of waste pipes 
from pumps, water motors, overflow pipes from water supply 
tanks, expansion tanks and drip pans shoiild be provided for in 
the same manner as for refrigerator wastes. 

Plumbing Fixtures 

Section 51. (a) Fixtures — Water-closets. — All water-closets 

should be made of porcelain or vitreous chinaware. The bow'l 
and trap should be of the combined pattern in one piece, and 
should hold a suflBlcient quantity of water and be of such shape 
and form that no fecal matter will collect on the surface of the 
bowl. All water-closets should be equipped with adequate flushing 
rims, so as to flush and scour the bowl properly when discharged. 






Fig. 54,' 


“Method of connecting wash room and 
similar floor drains. 


I — Jb setter 

Fig. 55 . — Method of connecting large floor drains. 


Note. — For public buildings, the bowl should be of the heavy pattern, large throatway, of siphonic action 
type. 

(b) Frost-proof Closets, When Permitted. — Frost-proof closets should be installed only in compartments which 
have no direct connection with any building used for human habitation. The soil pipe between the hopper and 
the trap must be of cast iron, 4 in. in diameter, and free from offsets. This type of closet should be used only in 
buildings subject to extreme frost conditions. When frost-proof closets are installed, the bowl must be of vitreous 
chinaware or iron enameled inside and outside, of the flush rim pattern, provided with an adequate tank, and 
automatically, drained to guard the fixtures and piping against frost. 

Note. — The installation and use of the above type of fixture should be discouraged as much as possible. Under 
the most favorable conditions little can be said for this closet from a practical and sanitary standpoint. 

Section 52, Urinals. — Urinals should be made of material impervious to moisture, and of such design, mate- 
rials, and construction that they may be properly flushed and kept in a sanitary condition. If cast iron is used in 
the construction of urinals, it must be enameled on the inside of the trough or bowl and coated with a durable 
paint or enameled on the outside. Trough and lip urinals should have a floor drain placed below the urinal and 
the floor should be graded toward the drain. 

Note. — Individual urinals rising from the floor, with the floor pitched toward the urinal, made of porcelain or 
vitreous chinaware, and equipped with an effective automatic, or equivalent, flushing device and adequate local 
vent, are recommended. 

Section 63. Bath tubs. Sinks and Laundry Tubs. — Bath tubs should be made of earthern ware, vitreous china- 
ware, enameled iron ware or other impervious material. Sinks and laundry tubs may be made of other materials 
where conditions make it necessary. They should be equipped with adequate traps and sanitary waste stoppers. 

(a) Flush Tanks. — All flush tanks or flushometer valves should have a flushing capacity of not less than 3 gal. 
for water-closets and not less than one gallon for urinals, and be so installed that they are protected against frost, 
tampering, etc. ' 

(&) Drinking Water . — Systems and installations supplying drinking water shall be of durable material and so 
constructed and installed that pollution or contamination is not reasonably possible. 

■ (c) Water Supply to Fixtures. — All water-closets, urinals or other plumbing fixtures should be provided with a 
sufficient supply of water for flushing them in a sanitary manner. 

(d) Capacity for Flushing. — All systems, installations and pipes supplying water for the flushing of closets, 
urinals or similar fixtures shall be of sufficient capacity and size to provide adequate volume and pressure. 

(e) Contamination from Fixture Connection. — The water supply to any fixture shall be so placed as reasonably 
to preclude the possibility of the contents of such fixtures being syphoned or drained into the water supply pipes. 

Section 54. Location of Fixtures. — Toilet rooms and bathrooms should have at least one outside window or be 
provided with local vent pipes or air shafts so as to insure at least four changes of air per hour. Local vents or air 
shafts for toilet rooms shall not be connected with the plumbing system and must be so installed as to provide 
adequate ventilation. 
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Open Plumbing. — AU plumbing fixtures should be installed or set free and open from all enclosing work. Where 
practicable all pipes from fixtures, except fixtures with integral traps rising from the floor, should be run to the wall 

Note. — It is essential that all plumbing fixtures for public building service be of high grade, and of such design 
and construction and so installed as to be practically fool-proof. 

Piping. — Wherever practicable, the piping, tanka, flushing devices, traps, etc., should be installed exposed in a 
utility chamber and so arranged that they are accessible for the removal of stoppages (see chapter on “Public 
Comfort Stations” in Part I, Sect. 4). 

Protection against Frost. — All water-closets and urinals and the pipes connecting therewith should be protected 
properly against frost, either by a suitable insulating covering or by an efificient heating apparatus, or in some other 
approved method, so that the facilities will be in proper condition for use at all times. 

Note. — Toilets should be adequately heated in cold water. Heating equipment should be arranged to permit 
cleaning of floors and walls. 

Where Water and Sewerage Systems are Available. — Each water-closet and urinal and each lavatory or sink 
located in a public or private building should be connected properly with sewerage and water systems where possible. 

Where Water and Sewerage Systems are Not Available. — In localities lacking public systems of water and sewer- 
age, the disposal of human wastes may be accomplished as follows: 

1. By an efl&cient water system of the “compressed air storage” or “air pressure delivery” type and a proper 
sewerage treatment tank and disposal units, as existing conditions may require. 

2. By outdoor privies or other toilet conveniences permitted by federal, state or local authorities, when local 
conditions make it impractical to install a water supply and sewage disposal system. 

Repairs and Reconstruction 

Section 55. (a) Old Materials Re-used. — All fixtures, soil, waste and vent pipes removed from an old building, 

if found to be in good condition, may under the requirements of most ordinances be used in the same building or in 
another building. In some instances written consent is required of the owner of the building in which such fixtures 
are to be installed. 

(6) Old House Drains. — Old house drains may be used in connection with new buildings or new plumbing only 
when they are found on examination or test to conform to the requirements governing for new sewers and drains. 
If the old work is found defective, the local or state inspector usually notifies the owner of the changes necessary to 
make it conform to the requirements of the ordinance. 

(c) Fixtures Replaced. — When an old or defective fixture is removed, to be replaced by a new one, and no other 
fixture or piping is to be added or remodeled, it may not be necessary to reconstruct the soil, waste or vent piping 
to make it conform to rules governing, unless the same is in a defective condition. In such cases, if found necessary, 
the fixtures should be provided with efficient deep seal traps or deep seal resealing traps of the self-scouring cen- 
trifugal type. 

(d) Reconstruction. — When old or defective plumbing is to be remodeled, additional fixtures installed or the 
whole plumbing system moved to another part of the building, then the remodeled system should be made to con- 
form reasonably to the regulations in force. 

(e) Repairs. — All repairs to fixtures or piping should be made in a substantial, sanitary and workmanlike 
manner. 

(f) Insanitary Installations . — No fixtures or installations should be maintained which are insanitary or of 
improper design. 

Inspections and Tests 

Section 66 . (a) Local Inspections. — All piping of a drainage or plumbing system in cities having local plumbing 

inspectors (except in case of repairs as specified in subsection m) should be tested by the plumber in charge in the 
manner herein provided, in the presence of the local inspector of plumbing or his authorized deputies. Where no 
state or local inspector is provided, the engineer, architect, owner, or a competent representative should arrange to 
witness aU tests prescribed. 

(6) Materials and Labor. — The material and labor for tests should be furnished by the plumber in charge. 

(c) House Drain Tests. — The entire house drain with all its branches, receptacles and connections, should be 
brought so far as practicable to the surface or grade of the basement floor and tested with water or air. Upon being 
found free from defects and leaking joints, the test may be considered satisfactory. 

(d) Stable and Oarage Tests. — If a stable, garage or any part thereof is used for human habitation, or is so con- 
structed that it may be used as such, the same tests should be made as for an ordinary dwelling. 

(e) Rain Leader Tests. — Rain water leaders and their roof connections where they are permitted within the 
walls of any building, and such branches as connect with the house drain 3 ft. beyond the basement wall, should be 
tested with water or air. 

(/) Covering of Work. — No part of any plumbing or drainage system should be covered until it has 
been inspected, tested, and approved. If any part is covered before being tested and approved, it should be uncov- 
ered at the direction of the inspector. 

(g) Final Inspection. — When the plumbing or drainage system is completed and fixtures are installed, the final 
inspection should be made; and no such plumbing or drainage system should be used until it has been inspected 
and approved, unless special permission is given by the proper authorities for its temporary use. 

(h) Inspection for Changes or Alterations. — When additional fixtures are installed or the style or location of any 
fixtxire is changed or when changes are made in the piping system, the work should be inspected. 

(f) Soila^ Waste and Vent Tests. — Soil, waste and vent pipes, rain water leaders and all work known as “rough- 
ing in” and “underfloor work” between the house drain connections to points above the finished floors and beyond 
the finished face of walls and partitions should be tested. 
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(j) Water and Air Test. — The water test should be applied by closing all openings in the pipes with proper test- 
ing plugs to the highest opening above the roof, and completely filling the system with water, or an air test with 
pressure of at least 5 lb. should be used. If the pipes are foimd free from defects and leaking joints, the test may 
be considered complete and satisfactory. Buildings five or more stories high may be tested in sections as directed 
by the proper official. 

(Jc) Air Test. — When water is not available, or when there is danger of freezing, the air test, with a pressure 
of at least 5 lb. may be used. 

(Z) Smoke Test. — The smoke test should be used in testing the sanitary condition of the drainage or plumbing 
system of all buildings where there is reason to believe it has become dangerous or defective on account of settlement 
of the building, abuse, accident or other cause. 

The smoke machine should be connected to any suitable opening or outlet in the system. When the system 
is filled completely with dense pungent smoke, and the openings emit smoke, they should be closed, and an air 
pressure equivalent to a 1-in. w'ater column applied, and left standing at least 10 min. If there is no leakage or 
forcing of trap seals, the system may be considered air- and gas-tight. Nothing coming under this provision should 
be construed, however, as prohibiting the removal of any clean-out or the unsealing of a trap to ascertain if the 
smoke has reached all parts of the system. 

(m) Tests for Repairs. — Inspections may be made, but tests should not be required, after the repairing or 
replacing of any old fixture, faucet or valve by a new one to be used for the same purpose, forcing out stoppages, 
repairing leaks or relieving frozen pipes and fittings. Such repairs or alterations may not be construed to include 
cases where new vertical or horizontal lines of soil, waste, vent or interior rain water leaders are used or their relative 
locations changed. In a building condemned by the proper authorities because of insanitary conditions of house 
drainage or plumbing, tests and inspections should be made as for new buildings. In such cases repairs or alter- 
ations should be made which are necessary to make the plumbing sanitary. 

Note. — No test nor inspection should be required where a house drainage and plumbing system or part thereof 
is set up for exhibition purposes; nor should a test be required (although inspection may be made) where the plumb- 
ing is placed in an outhouse, stable or detached building used exclusively for such purpose. 

(n) Preparations for Inspection. — When work is ready for inspection the plumber in charge, or in case none is 
employed, the owner, should make such arrangements as will enable the inspector to reach all parts of the building 
readily, should have present the proper apparatus and appliances for making the tests, and should furnish such 
assistance as may be necessary in making proper inspection. 

(o) Notice for Inspection. — The plumber in charge, or the owner of the property in case no plumber is employed, 
should notify the inspector in person, by telephone or in writing when the work is ready for inspection. If the 
inspection is not made within a reasonable time after the notice is given, the plumber in charge, or the owner, may 
proceed with the work, or, where valid reasons exist, he may defer, or decline to make, the inspection. 

Section 67 . Defects in Materials. — If tests or inspection disclose defective material, leakage, or unworkman- 
like construction, which does not conform to the sanitary requirements and which is condemned by the inspector, 
the same should be removed and replaced within three days, and when necessary retested. 

The presence of any foreign substance, other than that provided for in the rules governing, about a joint or any 
part of a plumbing or drainage system should be suflficient cause for condemning such joint or part of the system. 
Any split fittings, hubs or defective materials which do not conform to the requirements, and which have been 
condemned by the proper authority, should be removed from the work and not used again. 

Toilet Room Requirements for Public Buildings and Places of Employment 

Note. — “Approval by the proper authorities,” as used in the following sections, is intended to mean approval 

(1) by State or federal authorities in conformity with laws, rules and regulations governing, or (2) by the city plumb- 
ing inspector, building department, or health department (as the case may be), where such official or department 
acting under the provisions of a city ordinance issues an order or permit for the work in question. 

Section 68 . Toilet Rooms Required. — Every place of employment and every public building should have ade- 
quate toilet rooms, completely enclosed, and so arranged as to insure privacy; except that in foundries, rolling mills, 
blast furnaces, tanneries, and similar buildings, partitions enclosing toilets shoiild be at least 7 ft. high, but need not 
in all cases be carried to the ceiling nor enclosed at the top, provided such ceiling is at least 15 ft. high, and pro- 
vided such toilets are located in rooms which females are not allowed to enter. 

Note. — Under some regulations the foregoing exemptions are permissible even though the ceiling is lower than 
15 ft., if local ventilation through the closet bowl and urinals is supplied in an approved manner. Much time may 
be saved for employes, especially in factories, by the placing of toilet rooms on each occupied floor. 

Section 69 . Toilet Rooms for the Two Sexes. — Where the two sexes are accommodated, separate toilet rooms 
must be provided, except 

(1) In apartment houses and private homes; 

(2) If approved in writing by the proper authorities in buildings accommodating not more than five persons of 
both sexes, provided the door of such toilet room is kept looked and the key kept in a place accessible to all such 
persons. But whenever the number of such persons exceeds five, separate toilet rooms should be provided. 

Entrances to toilet rooms for the two sexes should be properly separated by screens or otherwise and should, 
wherever possible, be at least 20 ft. apart. 

Section 60 . Sex Designated. — Wherever women are employed or accommodated, each toilet room should be 
distinctly marked with regard to the sex which uses it, and no person should be allowed to use a toilet room assigned 
to the other sex, except as provided in Section 59- 

Section 61 . Location^ Light, Ventilation. — Every toilet or bath room should be so located as to open to the 
outside light and air by windows or skylight openings directly upon a street, alley, court, or vent shaft, except as 
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hereinafter provided. Every such vent shaft should have a horizontal area of at least 1 sq. ft. for each water-closet 
or urinal adjacent thereto, but the least dimension of such shaft, if one-story high, should not be less than 3 ft.; 
if two stories high, not less than 4r ft.; and 1 ft. additional for each additional story. 

The glass area for a toilet room containing one closet or \irinal should be at least 4 sq. ft., with 2 sq. ft. addi- 
tional for each additional closet or urinal. 

In addition to the windows herein required, each toilet room which contains more than three fixtures (closets 
and urinals) should have a vent flue of incombustible material, vertical or nearly so, running through the roof, 
wnth proper cap or hood, and of not less than the following size: 


Four fixtures S-in. pipe 

Five or six fixtures 10-in. pipe 

Seven to ten fixtures 12-in. pipe 


But if the windows or skylights can not be opened, then vent pipes should be provided as specified in Sect. 62. 

No toilet room should have a movable -window or ventilator opening on any elevator shaft or any court which 
contains windows of sleeping or living rooms above; except that a toilet room containing not more than two closets 
may have a movable window on such court if the room has a vent flue running above the roof. 

Section 62. Location without Outside Windows — When Permissible . — If a location with outside windows is 
impracticable, a different location may be permitted, as follows: 

(1) For a toilet -used by not more than three persons, without special permit. 

(2) For a toilet in a new building, used by more than three persons, only upon -written approval. 

(3) For a new toilet room in an existing building, used by more than three persons, only with the written 
approval of the proper authorities. (Such approval usually is granted only where a location with outside windows 
is not reasonably possible.) 

Where a toilet room without outside windows is permitted, it should have a fixed window or -windows to an 
adjoining room, with glass areas as pro-yided above, arranged so as to furnish as much light as possible. Frosted 
or other translucent glass should be used when necessary for privacy. In no case should the floor be made of wood. 
A vent flue of incombustible material should be provided, vertical or nearly so, running through the roof, with 
proper cap or hood, and of not less than the following size: 


One fixture (closet or urinal) 6-in. pipe 

Two fixtures 8-in. pipe 

Three fixtures 10-in. pipe 

Four or five fixtures 12-in. pipe 

Six or seven fixtures 14-in. pipe 

Eight to ten fixtures. 16-in. pipe 


Notes. — (1) Glass are 50 % greater than required is recommended. 

2. An air inlet is recommended if it can be made so-und-proof. 

3. A fan in the flue may be required if necessary for proper ventilation. If there is no fan a steam coil, or 
even an electric light at the bottom of the flue, will help to provide circulation. Where a metal vent pipe extends 
above the roof, a double pipe or other insulation against cold, is recommended. 

4. Closets provided with a local vent are recommended and may be required in some cases before approval is 
granted. 

Section 63, Existing Toilet Rooms — Ventilation. — Every toilet room heretofore installed, which is not ade- 
quately ventilated by outside windows or skylight, should be provided with a vent flue of size as specified in Section 
66, in which flue a fan is required if necessary for proper ventilation. 

Every such toilet room which cannot be kept sanitary should be moved so as to be open to outside light and air. 

Section 64. Artificial Light. — ^Every toilet room (except in a private apartment) should be artificially lighted 
during the entire period that the building is occupied, wherever and whenever adequate natural light is not avail- 
able, so that all parts of the room are easily visible. 

Section 65. 8ize. — Every toilet room should have at least 10 sq. ft. of floor area, and at least 100 cu. ft. of 
air space, for each water-closet and each urinal. 

Section 66 . Floor, — The floor and base of every toilet room should be constructed of material (other than 
wood) which does not readily absorb moisture and which can be easily cleaned; except that wood floors may be 
used. 

1. In private apartments. 

2. If approved in writing by the proper authorities, in existing buildings where there is a wood floor in good 
condition and where such toilet will be used by not more than five persons; pro-vided further that such room must 
have an outside window or skylight. 

Section 67. Walls and Ceilings. — The walls and ceiling of every toilet room should be completely covered with 
smooth cement or gypsum plaster, glazed brick or tile, galvanized or enameled metal, or other smooth, non-absorb- 
ent material. For small toilet rooms receiving light use, wood may be used if well covered -with two coats of body 
paint and one coat of enamel paint or spar varnish, kept clean and in good repair. But wood should not be used 
for partitions between toilet rooms, nor for partitions which separate a toilet room from any room used by the oppo- 
site sex. All such partitions should be as nearly sound proof as possible. 

Note. — Walls and partitions should be of light color to increase illumination and facilitate cleaning. 

In large rooms a hose connection and floor drain should be provided. 
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Section 68, Paritticns between Fixtures. — Adjoining water-cloBets should be separated by partitions. Each 
individual urinal or urinal trough should be provided v^dth a partition at each end and at the back, to give privacy. 
Where individual \irinals are arranged in batteries, a partition should be placed at each end and at the back of the 
battery. A space of 6 to 12 in. should be left between the floor and the bottom of each partition. The top of the 
partition should be from 5 to 7 ft. above the floor. Doors, of the same height as required for partitions, should 
be provided for water-closet compartments used by females. Doors at least 24 in. high, with the center of the 
door about 3 ft. above the floor, should be provided for water-closet compartments used by males. All partitions 
and doors should be of material and finish required in Sect. 67. 

Note. — Wood is not recommended; if used, it should be hardwood. 

Section 69 . Number of Closets and Urinals in Places of Industry. — In every place of employment, whether 
heretofore or hereafter constructed, one water-closet should be provided for every 20 persons, or fraction thereof, 
of either sex. 

In addition thereto, where more than 10 males are employed, one urinal should be provided for every 40 
males, or fraction. Where not more than 10 males are employed, either a urinal should be provided or the water- 
closet should have a projecting lip and self-rising seat. Where trough urinals are used, each 2 ft. of trough should 
constitute one urinal. 

Section 70 . Lavatories in Places of Industry. — Adequate washing facilities should be provided in or near 
every toilet room. In new installations there should be at least one lavatory for every five fixtures (closets and 
urinals), or fraction. 

Note, — One lavatory for every two or three fixtures is recommended. 

Special washing facilities are required in certain industries, as (1) in industries where lead, arsenic, or other 
poisonous or injurious materials are handled by the employes; (2) in industries where food is prepared or manu- 
factured, and (3) in glue factories, foundries, machine shops and other industries where the employes’ hands become 
dirty or greasy. Except that in industries of the last mentioned class, Iqcated in small towns, where the employes 
go home at noon, this requirement may be waived by the proper authorities. In new installations there should be 
at least one lavatory for every ten employes, or fraction, and hot water should be provided. Basins or troughs, 
equipped with stoppers, for common use are usually prohibited. 

Notes. — 1. Washing facilities where the employe must necessarily wash in running water are recommended. 
A large trough without stopper, where each person washes in running water from an individual faucet, is generally 
better than separate bow'Is. 

2. One lavatory or faucet for every five employes is recommended. 

3. Adequate washing facilities are recommended for all industries. 

4. Washrooms should be constructed according to the requirements for toilet rooms, as far as possible. 

Section 71 . Schools. — The following sanitary equipment conforms with requirements of moat State and 

local units; in practice they are found adequate, chosen appliances and other operating conditions being favorable* 

One water-closet for every 20 females or fraction, except for grammar and primary grades, where there should 
be one water-closet for every 15 females or fraction. 

One water-closet and one urinal for every 40 males or fraction, except for grammar and primary grades, where 
there should be one water-closet and one urinal for every 30 males or fraction. Toilet accommodations for males 
and females shoxild be placed in separate rooms with doors not less than 20 ft. apart. A drinking fountain and sink 
shotild be installed in each story and basement, for each 6000 sq. ft. of floor area, or fraction. A proper number of 
wash bowls should be provided. 

Note. — Ordinarily there should be at least one wash bowl for every two closets and urinals. Wash bowls should 
be placed either in the toilet room or immediately outside. Drinking fountains should in no case be placed within 
the toilet room enclosure. 

Section 72 . Theatres and Assembly Halls. — Separate toilet rooms in connection with the auditorium should 
be provided for males and females. One closet should be installed for each 200 females or fraction, and one closet 
and one urinal for each 300 males or fraction, assuming the audience to be equally divided between males and 
females. 

Section 73. Apartment Houses, Hotels, Lodging Houses, Dormitories, Hospitals, Asylums, and Places of Deten-^ 
tion. — Every apartment should have a water-closet in a bathroom or separate compartment, except that where 
there are apartments consisting of but one or two rooms, there should be at least one water-closet for every two 
such apartments. 

All other buildings of this classification should have at least one water-closet for every 15 rooms or fraction 
thereof. 

Note. — Hooms with private water-closets should not be considered in counting either the number of rooms or 
the number of water-closets. 

In every building of this classification where city water supply is available or can be made available, there 
shotild be at least one adequate sink or wash bowl with running water. In apartment houses there should be such 
a sink or wash bowl in each apartment. 

Section 74 . When Water and Sewer Become Available. — State and local regulations usually require that within 
a given time after water and sewer systems become available, water-closets, urinals, and lavatories shall be pro- 
vided. When water and sewer are not available, other toilet and washing facilities must be provided (see chapter 
on “Waterless Toilet Conveniences”). 

Section 75 . Drinking Water. — Every public building should he supplied with sufficient pure drinking water, 
and the faucets or outlets for the same should be placed conveniently for users. Common drinking cups are usually 
prohibited, for well-known hygienic reasons. Sanitary drinking fountains should be installed or individual cups 
provided (see Art. 19 in the preceding chapter.) 
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References 

1. For detailed requirements regarding plumbing fixtures consult Sections 51 to 54 inclusive. 

2. For piping and other regulations, consult preceding sections, also chapter on “Public Comfort Stations.” 

3. For requirements where public water supply and sewerage are not available, consult chapters on Public 
Comfort Stations” and “Waterless Toilet Conveniences.” 

23. Suggestions for Engineers, Architects, and the General Public. Where modern state 
laws or local ordinances on this subject exist, you will insure sanitary and reasonably durable 
plumbing if you provide in your specifications and contract with your plumber that all work 
must be performed in accordance with laws, rules and regulations, both state and local. \ou 
should require, further, that a certificate of inspection issued by the proper authority be fur- 
nished by the plumber before payment is made for the whole or any part of the system to be 
installed under the plans, specifications, agreement or contract. 

When selecting plumbing fixtures for home, office, school, factory, or other types of build- 
ings, make sure that they are of sanitary design and free from defects, and suitable for the 
purpose intended. 

Experience has demonstrated that extra heavy cast-iron soil pipe with durable lead branches, 
bends, joints and connections properly supported and protected will render the most satisfac- 
tory service for ordinary residences or small buildings. For other buildings the plumbing and 
drainage should be designed to meet the construction of the building and the purpose for which 
it is to be used. 

The use of cast-iron pipe for all underground house drains within the building is strongly 
recommended. It will cost slightly more to install but is safer from a sanitation standpoint and 
less liable to cause trouble by clogging due to settling or breakage. 

The object of ventilation in a system of drainage or plumbing is to keep the air within the 
pipe in circulation and thus remove foul air caused by decomposition of solids; to prevent 
unequal air pressure within the system which may force trap seals or retard the flow of waste 
water; to prevent the pernicious effects of sewer gas on lead and iron pipes; and to protect the 
traps against siphonage. The avoidance of dead ends is essential. 

Stoppage in sewers between the main in street and the building is due generally to one ol- 
more of the following causes, which in most cases is easily preventable: Insufficient fall, defective 
joints and connections, changes in direction improperly made, inadequate flushing, tree roots, 
grease and improper usage. Stoppages in the drainage system within the building are often 
caused by poorly made joints, improper connections, change of direction, insufficient flushing, 
grease, matches, hair pins, and other indifferent usage. 

The cheapest method of installing plumbing and sewerage is not always the most economical 
in the end. 

In spite of all the safeguards provided by states and cities, all plumbers do not show the 
same degree of efficiency in workmanship. 

Plumbing that is properly installed and given reasonable care will not become insanitary 
nor dangerous to health. 

Buildings intended for human habitation should be reasonably free from dampness, should 
have an abundant supply of pure fresh air, sunshine and pure water, and should be equipped 
with the essential sanitary conveniences. 

Privy vaults, unclean plumbing fixtures (especially toilets and urinals), defective drains 
and the discharge terminals of drainage systems assist flies, rats and other vermin in spreading 
typhoid fever and other water-borne diseases. 

When the use of disinfectants is required, consult your local health officer. 

It is important that public toilet rooms be properly located, adequately designed, provided 
with plenty of light and air, and kept in good repair, clean and sanitary. 

It is also important that tank pulls, seats, walls and floors be frequently and thoroughly 
cleaned and kept clean, and that they are made of such materials and construction that this can 
be done. 

Materials of wood, and materials otherwise unprotected, should be kept well painted. 



SECTION 6 
ELECTRICAL EQUIPMENT 
By C. M. Jansky 

The use of electrically operated machinery and apparatus has become so extended that 
sooner or later some form of electrical equipment is installed in nearly every building. In order 
that the installation may be economical and efficient, provisions should be made in the first 
plans of the building for such installation and for the necessary wiring. 

Although specific rules which will apply in every case without modification and adaptation 
cannot be given, nevertheless, there are many general principles which do apply and a knowledge 
of these will be of assistance in planning the installations. 

1. Electrical Quantities. — The electrical terms that are commonly used in connection with 
electric installations are the names of electrical quantities such as energy, power, current, 
electromotive force or pressure, resistance, and the names of electrical apparatus. The elec- 
trical quantities have certain definite relations so that often if two are known, another, and 
sometimes more than one, may be calculated or determined by the aid of these relations. 

2. Electrical Energy. — Although energy is not the simplest of electrical quantities, never- 
theless as the purpose of most electrical installations is the efficient transformation and utiliza- 
tion of energy, it will be considered first. An electric motor or an electric lamp is merely a 
machine or device for transforming electrical energy. This energy is conveyed to the motor 
or to the lamp by means of wires. In order that the amount of energy used by different pieces 
of equipment may be compared or calculated, the energy must be measured. There are 
several units of energy in practical use, just as there are many units of volume or of length. 
The smallest practical unit of electrical energy is the watt-second. The watt-second is a very 
small unit so in practice a much larger one is used. The more coAimon unit is the kilowatt-hour. 
A kilowatt-hour of energy is equal to 3,600,000 watt-seconds. A kilowatt-hour of energy, if 
converted into heat and utilized in melting ice, will melt 23.76 lb. It will light a 25-watt 
tungsten lamp for 40 hr., or operate a 1-horsepower motor for about l}i hr. Energy is a 
physical quantity, and it is that which operates lamps and motors, heats flatirons, and for which 
payment is exacted by the public utility company. 

3 . Power. — Electrical apparatus is usually rated in terms of power — that is, in terms of the 

amount of energy the apparatus will consume or develop in some unit of time, usually the second 
or hour. Thus a motor that develops 1 kilowatt-hour in 1 hr. is said to be a 1-kilowatt motor. 
That is to say, power is the rate at which energy is being transferred, transformed or consumed. 
The unit of power is the watt or kilowatt. The kilowatt is 1000 times as large as the watt. The 
total amount of energy consumed by any piece of apparatus is obtained by multiplying the rate at 
which the energy is being consumed by the time of its operation. Thus a Jamp rated as a 25- 
watt lamp is one that consumes 25 watt-seconds of energy in every second. In 1 hr. a 25-watt 
lamp will consume 25 X 3600 — 90,000 watt-seconds of energy, or 90,000 1000 = 90 kilo- 

watt-seconds. Since 1 kilowatt-hour = 3,600,000 watt-seconds, it will take a 25-watt lamp, 
3,600,000 -r 90,000 = 40 hr. to consume 1 kilowatt-hour of energy. 

Illustrative Problem. — A 26-hp. motor is installed to operate an elevator. How many kilowatt-hours of energy 
will it consume in a 10-hr. day if the average load is only 15 hp. and the efficiency of the motor is 85 % ? 

746 watts, 

(16) (746) = 11,190 watts. 

111,900 watt-hr. 

111.9 kw.-hr. at 100 % efficiency. 

131.6 kw.-hr. at 85% effilciency. 

1353 


Ihp. = 
15 hp. » 
(11,190)C10) = 
111 900 
1000 “ 
111.9 
0.85 
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Illustrative Problem. — What will be the cost of operating tw'enty-five 60-watt lamps for a month, 6 hr. per day, 
at 8c.. a kilowatt-hour? 


(25) (60) = 1500 watts. 

(1500) (6) = 9000 watt-hr. per day. 

(9000) (30) = 270,000 watt-hr. per month. 

kw.-hr. per month. 

1000 

(270) (0.08) = $21.60, cost per month. 

4. Electrical Resistance. — Heat is one form of energy. The lighting of an incandescent 
lamp is due to the heating effect of electrical energy in the filament of the lamp. In other words, 
the lighting is produced by the conversion of electrical energy into heat by a property of the 
filament. This property is called resistance. The unit of resistance is the ohm. In concrete 
relations, the ohm is defined as the resistance of a column of mercury 106.3 centimeters long of 
uniform cross section and one square millimeter in cross section, at a temperature of melting ice. 
A length of 1000 ft. of No. 10 copper wire at a temperature of 25 deg. C. or 77 deg. F., has a resis- 
tance of one ohm. This is a concrete relation more easily remembered. In terms of energy 
units, it maj^ be defined as that resistance in which one ampere will develop one joule of energy 
per second. 

6. Effect of Temperature Upon Resistance. — When a metallic conductor is heated either 
externallj^ or by the passage of an electric current, its resistance is increased. The resistance 
of electrolytes and of carbon decreases as their temperature increases or rises. This relation is 
expressed by the formula 

Rt “ .Ko(l 4“ 

where U is expressed in degrees centigrade, and 

Rt = I2o(l + o>ftf) 

where the temperature change is expressed in Fahrenheit degrees, a is called the temperature 
coefficient. For pure metals ae = 0.00392 and a/ = 0.0022. For electrolytes a is negative. 

6. Electric Current. — Energy may be transferred from the point of its development to the 
point of its utilization in many ways. The common mechanical means are the spur gear, the 
belt, the cable, a stream or current of water, current of steam, and current of electricity. 

In the first five cases the material body is a vehicle for transferring the energy, and its 
motion transfers the energy. In an electric circuit, the matter or material body connecting the 
source of energy with the instrument or apparatus where it is utilized does not move, but the 
energy is transferred by a current or stream of electricity. Perhaps in light of modern theory 
we should say of a current of electrons. Like water or steam the electricity (or electrons) is a 
vehicle of energy, and energy is said to be transferred by a current of electricity. 

The practical xmit current is the ampere. An ampere may be defined in many ways but 
for our purpose it may be defined as that current which will develop one watt-second, or one 
joule per second, of heat in a conductor whose resistance is 1 ohm. Another and more 
practical definition is basd on the chemical action of an electric current. Based on this 
principle an ampere is such a current as will deposit 1.118 milligrams of silver in 1 second 
from a standard solution of silver nitrate. 

7. Electromotive Force or Electrical Pressure. — In order that a current of water or steam 

may transfer energy from one point to another, there must be a difference of pressure between 
the points. If there is no difference of pressure, no current will flow and no energy will be 
transferred. * 

In an analogous way the transfer of electrical energy from its source to points of utilization 
is due to difference of electrical pressure or electromotive force. Electromotive force is thus 
the cause of the flow of electricity which constitutes the current. The practical unit of elec- 
trical pressure is the volt. The volt may also be defined in many ways, but in terms of the units 
already defined, we may say that a volt is the pressure that will send a current of 1 ampere 
through a resistance of 1 ohm. 
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8. Ohm's Law. — The three physical quantities, electrical pressure, current, and resistance 
are related in a definite way, known as Ohm's law. This law is deduced from the results of 
experiments. It states that the current in a circuit is strictly proportional to the total electro- 
motive force in the circuit. If we represent the current in amperes by 7, the pressure in volts 
by E and the resistance in ohms by R, then in direct current circuits, Ohm’s law is written 

/ = ^ R == J E 


Illustrative Problem. — A flatiron takes 4 amperes when connected to a 110-volt circuit. What is the resistance 
of the iron? 

E 

By Ohm’s law, R = -j jE? = 110 volts J = 4 amperes 

.\R = ^ = 27.5 ohms 
4 

Illustrative Problem. — What pressure is required to send one-half ampere through a 220-ohm lamp? 

By Ohm’s law, E — IR, I = ampere. R = 220 ohms. 

JE? * (M)(220) = 110 volts. 


Illustrative Problem. — A direct current pressure of 110 volts is connected to an electric chafing dish whose 
resistance is 22 ohms. What current does the chafing dish take? 

E 

By Ohm’s law, J = — =110 volts R — 22 ohms 

• r 110 = 

. . J = ~ 5 amperes 

9. Pressure or Voltage Drop. — In order that a current may flow through a conductor there 
must be a difference of electrical pressure between any two points on the conductor. If Ei 
is the electrical pressure at one point and Es a lower pressure at another point, then Ei — E 2 
is the pressure drop. If R is the resistance of the conductor between two points, then by Ohm's 
law 

El — E2 r 
R 

and E ^ El E 2 ^ IR 

In other words, the voltage drop between any two points of a conductor is equal to the product 
of the current flowing by the resistance of the conductor between the two points. The voltage 
drop across an incandescent lamp is the voltage betweeiji its two terminals and is equal to the 
current multiplied by the resistance of the lamp. 


Illustrative Problem. — The current taken by a motor is 50 amperes. The motor is connected to a generator 
by wires whose resistance is 0.08 ohm. If the generator voltage is 220 volts, what is the pressure at the motor? 

The voltage drop is JiZ. I = 50 amperes, i? = 0.08 ohms. Then voltage drop = (50) (0.08) = 4 volts. The 
pressure at the motor is the difference between the generator voltage and the voltage drop or 220 — 4 = 216 volts. 


10, Heat Developed in a Wire, — The amount of heat developed by a current in a resistance 
was experimentally determined to be directly proportionate to the product of the resistance by 
the square of the current flowing by the time. Expressed algebraically this relation is given by 

Heat = kPRt 

When I is expressed in amperes, R in ohms, and i in .seconds, k is unity and the heat developed 
is expressed in watt-seconds. To express the heat in calories, k becomes 0.24 and the formula is 


Heat = 0.24P Rt calories 


There are many examples of the heating effect of an electric current. The most common is 
the incandescent lamp in which a small filament of wire is heated to incandescence by the cur- 
rent. Likewise, electric flatirons, toasters and electric furnaces exemplify the same principle. 
Some heat is developed in every wire through which an electric current flows. In some cases, 
such as mentioned above, this heat is utilized, but in connecting wires and .all light and power 
wires, this heat is wasted. In order to keep the loss within reasonable bounds the wires must 
have low resistance, especially where they carry heavy currents any distance as it is evident 
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from the formula that the heat developed is proportional to the square of the current. Doub- 
ling the current quadruples the heat generated in the same resistance. 

The currents that copper wires will carry without over-heating, have been determined 
by the engineers of the National Board of Fire Underwriters. A table giving these currents 
is found on p. 1206. 

When the current is measured in amperes and the resistance in ohms, A: is 1, and we have 
joules = 7^2^ per second, or watts = DR. But by Ohm's law, IR = E, and 7^72 = IE. There- 
fore, IE == watts. That is, if the difference of pressure between two points of a conductor is 
E volts when a current of 7 amperes is flowing, there are IE watts of power being spent in the 
conductor between the two points. In t seconds, the energy spent will be Elt watt-seconds, or 
joules. 

Illustrative Problem. — How many watt-seconds or joules of heat are developed in an hour in an electric stove 
which takes a current of 10 amperes and whose resistor has a resistance of 11 ohms? 

Heat (joules) = I-Rt, / = 10 amperes, = 11 ohms, i = 1 hr. = 3600 sec. 

.'.Heat = C102)(ll)(3600) = 3,960,000 joules * 1.1 kw.-hr. 

Illustrative Problem. — What is the voltage drop across the resistor of preceding problem?- 

The voltage drop = Iff = (10)(11) = 110 volts. But watts = volts X amperes, then 110 volts X 10 am- 
peres = 1100 watts. 1100 watts supplied for one hour equals 1.1 kw.-hr. as above. 

Illustrative Problem. — A tungsten lamp takes 34 ampere at 110 volts. How much power is necessary to light 
the lamp? 

Power = El. E ^ 110 volts, I — H ampere. 

.'.Power = (110) (34) = 27.5 watts. 

Illustrative Problem. — A 110-volt coffee percolator consumes 440 watts. What current does it take? 

watts 

Power or watts = IE. Then, I = — gr~* Watts *= 440, and E = 110 volts. 




440 

I YYq = 4 amperes. 


Illustrative Problem. — A current of 5 amperes flows through a 475-watt flatiron. What is the resistance of the 
flatiron? 

watts 


PR = watts. Then R 


Watts = 475, and P = (5) (5) 
475 


25. 


.\R = 


25 


19 ohms. 


Illustrative Problem. — How many watts are wasted in a 2-ohm rheostat when 26 amperes are flowing? 

Watts = I^R. P = (25) (25) = 625, R ^ 2 ohms. 

.'.Watts = (625)(2) = 1250 1.25 kw. 

The energy spent in any given time is equal to the product of the power by the time. 
Since I X E — power, then I X E X t = energy. If ^'is in seconds, the product lEt = joules 
or watt-seconds. If t is in hours, then lEt is watt-hours, and since 1000 watts — 1 kw., 
lEt 

then = kilowatt-hours. 

Illustrative Problems. — How many kilowatt hours of energy is consumed by an electric range in 3 hr. if it 
requires 3500 watts for its operation? 
watts X hours 


1000 


kilowatt-hours. 


. (3500) (3) 
' ' 1000 


= 10.5 kw.-hr. 


Illustrative Problems. — Ten 25-watt tungsten lamps are burned on an average of 4 hr. per day for a month of 
30 days. What is the monthly consumption? 

watts X hours _ kilowatt-hours. Watts = (10) (25) ==? 250. Hours = (30) (4) = 120 


1000 


. (120) (250) 
' ■ 1000 


= 30 kw.-hr. 


Illustrative Problem. — A 10-hp. motor is operated on an average of 8 hr. per day at full load. What will be 
the monthly bill assuming operation for 26 days at 5c. a kilowatt-hour? 

Wflitts Jrf^urs 

kilowatt-hours. 1 hp. * 746 watts; then watts = (10) (746) = 7460. Hours » (26) (8) 

. (7460) (208) 


1000 


208. 


moo 


1661.68 kw.-hr., and (1551,68) (0.05) =» 877,58. 
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11. Electric Circuit. — When steam is used to transfer energy or to do work, it is conveyed 
from one point to another point by means of pipes. In the most efficient systems the steam is 
not permitted to escape after it has parted with its energy, but by means of return pipes, con- 
denser, etc., it is returned to the boiler whence it started. It is thus made to pass through or 
around a path or circuit. It is kept in this path by pipes. 

In an analogous way, electricity is conducted from one place to another by metallic conduc- 
tors, and the metallic wires, along which the electric current flows from the generator to the lamp 
or other apparatus, are called the electric circuit. When every part of the circuit is metallic 
the current can flow and the circuit is said to be closed. An open circuit is a discontinuous cir- 
cuit, or one in which there is a break. 

All substances will not carry electricity with the same facility, hence substances are classified as conductors and 
insulators. 

Conductors are substances which permit the electric current to flow with comparative ease. Most metals are 
good conductors, copper being one of the best. 

Insulators are substances which do not transmit electricity with ease. Glass, porcelain, rubber, parafiSin, 
shellac (dry), etc., are insulators. Both conductors and insulators are needed in an electric circuit; the conductor 
to form the path of the current and the insulator to prevent its escape. The wires commonly used in forming elec- 
trical circuits are therefore insulated. 

12. Kinds of Electric Currents. — There are two kinds of electric currents in use, direct and 
alternating. Although there is no essential difference in the electricity, the manner in which, it 
is made to flow develops distinguishing properties. A direct current is one in which the elec- 
tricity, or electrons if we wish to use modern terms, is con- 
tinually flowing in the same direction. The amount that 
flows per second may vary, but the direction of flow does 
not. A direct current is thus a continuous current so long 
as the circuit is closed. A battery is the best example of 
the source of a direct current. The current flows out at 
one electrode and returns to the other. 

An alternating current is one whose intensity is con- 
stantly changing and whose direction of flow is reversed 
periodically. The motion of a pendulum is a good analogy 
for an alternating current. The speed of the pendulum 
constantly changes from one extreme position of its swing to the other extreme, and at these 
points it changes its direction of motion. In the same way, when a source of alternating 
electromotive force, such as an alternating-current generator, is connected to a circuit, the 
current rises from zero to a maximum value, decreases from this value to zero when it reverses 
its direction of flow and then increases to a maximum value in the opposite direction, and again 
decreases to zero. This cycle is repeated many times a second so long as the current flows. 
The number of cycles per second is called the frequency. The common frequencies in this 
country Are 60 cycles per second for power and light, and 25 cycles per second for power. 
Twenty-five cycle current is sometimes also used for lighting but it is not so satisfactory on 
account of the resulting flickering of light. 

13. Kinds of Circuits. — ^Energy is conveyed from its source to points of utilization by wires 
or conductors forming circuits. Circuits are classified with reference to the manner in which 
the energy is distributed by the electrical current, and also with reference to the kind of cur- 
rent; that is, direct or alternating. 

The first method of classification gives series circuits and divided circuits. Divided circuits 
may be merely parallel circuits, or a combination of parallel and series circuits. A good ex- 
ample of series circuit, is the ordinary series street lighting circuit (Fig. 1). In the series cir- 
cuit, the current passes undiminished through each part of the circuit. Different parts of the 
circuit may, however, absorb equal or different amounts of energy. ^ 

In the parallel circuit (Fig. 2), the current does not maintain a constant value throughout 
different parts of the circuit but is subdivided, each utilizing or energy-consuming device di- 
verting some of the current. These parallel circuits may be equal or unequal depending upon 
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the design of the apparatus. The main advantage of the parallel circuit over the series circuit 
is the fact that it permits the subdivision, of the electric current so that small and large energy- 
utilizing devices may be supplied from the same source. Indoor incandescent lighting circuits 
are invariably parallel circuits. 

The circuits shown in Figs. 1 and 2 are what are known as two-wire circuits. Energy-utilizing devices such as 
lamps or motors in a series circuit, must be designed for the sanie current although the voltage drop across their 
terminals may be different. Apparatus intended for parallel connection must be designed for the same voltage but 
may have very much different current-carrying capacity. Thus, a 10-watt 110-volt lamp, a 450-watt 110- volt 
lamp and a 10-hp. motor may all be operated from the same pair of mains. The first lamp will take a current of less 
than 0.1 ampere while the motor will take a current of over 67 amperes at full load. 

It has been shown that the energy lost in wires is proportional to the square of the current, hence if much 
energy is to be utilized at a considerable distance from its source, it is preferable to raise the voltage and reduce 
the current, but incandescent lamps designed for higher than 110 volts cannot be made readily for low-energy 
consumption. To utilize the higher voltage and also to use small low-voltage lamps, there has been designed 
the three-wire circuit shown in Fig. 3. The three-wire circuit is common especially in large cities. 

14. Electrical Machines and Apparatus, — ^Electrical machines and apparatus are of three 
kinds : That by means of which the energy is developed or generated; that in which, or by which, 
the energy is utilized; and that used for transforming the energy either from one voltage to 
another or from alternating current to direct current, or vice versa. 

The machines used for developing energy are called generators. Generators are classified 
as direct current and alternating current. The utilizing machines and apparatus are of various 




forms. Those used for power purposes are called motors. Most of the other forms depend on 
their operation upon the heating effect of the electric current. The incandescent lamp, electric 
flatiron, and electric stove are good examples. 

The transforming apparatus is of four forms — static transformers, rotary or synchronous 
converters, motor generators, and rectifiers. 

The static transformer is used to change alternatinjg current at one voltage to alternating 
current at another voltage. The house voltage is usually 110 volts while the voltage between 
line wires may be 2300 volts or higher. By means of the transformer, the line voltage is stepped 
down so that it may be safely used in buildings. 

A synchronous converter is a combination of an alternating-current motor and a direct- 
current generator in one machine. Alternating current entering at one end of the armature 
drives the machine, while direct current is taken from the armature at the other end. 

A motor-generator is merely a combination of two separate machines, an a.-c. motor and 
a d.-c. generator, or a d.-c. motor and an a.-c. generator, depending upon which machine is the 
driver and which is the driven. 

Rectifiers are devices for changing alternating current to direct current. The most 
important of these are for power purposes. For battery charging and for radio service there 
are several forms of electrolytic rectifiers on the market. 

Generators are installed in isolated plants and in central stations. Where central station 
power is available, as in cities, generators are seldom installed anywhere except at the central 
station, but motors are installed in many buildings where power machinery is used. Motors are 
rated in horsepower or kilowatts, the rating being the full load output. Since motors never have 
an eflSciency of 100%, the current intake of the motors will always be higher than that indi- 
cated by the rating. To convert the horsepower rating into watts, multiply by 746, 
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Illustrative Problem. — What is the current intake of a 25-hp. 220-volt d.-c. motor whose efficiency is 85 % ? 

1 hp. « 746 watts. 25 hp. = (25) (746) = 18,650 watts. 

Watts intake « = 21,940 watts. Current = = 99.7 or 100 amperes, 

0.85 volts 220 

The following table gives the full load currents taken by d.-c. motors of the more common 
sizes and voltages, together with other useful data. 


Wiring Table for Direct-current Motors 


Horse- 

power 

Voltage 1 

Approx. 

full-load 

current 

Size of 
fuses 

Size of 
switch 

Size of wire, 
B. & S. 

gage 

Horse- 

power 

Voltage^ 

Approx. 

full-load 

current 

Size of 
fuses 

Size of 
switch 

Size of wire, 
B. <feS. 
gage 


110 

2.4 

6 

10 

14 


no 

232.0 

300 

300 

300,000 

Va 

220 

1.2 

3 

5 

14 

30 

220 

116.0 

150 

150 

00 


500 

0.5 

1 

5 

14 


500 

50.8 

70 

75 

3 


110 

4.8 

6 

10 

14 


no 

270.0 

350 

400 

450,000 

>2 

220 

2.4 

4 

5 

14 

35 

220 

135.0 

175 

200 

000 


500 

1.0 

2 

5 

14 


500 

59.2 

75 

75 

3 


110 

8.4 

12 

15 

14 


no 

310.0 

400 

400 

500,000 

1 

220 

4.3 

6 

10 

14 

40 

220 

155.0 

200 

200 

200,000 


500 

1.8 

3 

5 

14 


500 

67.8 

90 

100 

2 


110 

17.0 

25 

25 

10 


no 

377.0 

500 

500 

700,000 

2 

220 

8.5 

12 

15 

14 

50 

220 

188.5 

250 

250 

250,000 


500 

3.7 

5 

5 

14 


500 

83.0 

no 

100 

1 


no 

20.0 

25 

25 

10 


no 

452.0 

550 

600 

900,000 

23-2 

220 

10.0 

15 

15 

12 

60 

220 

226.0 

300 

300 

350,000 


500 

4.4 

6 

10 

14 


500 

99.5 

125 

150 

0 


no 

24.0 

30 

30 

8 


no 

528.0 

660 

600 

1,000,000 

3 

220 

12.0 

15 

25 

12 

70 

220 

264.0 

325 

300 

400,000 


500 

5.3 

8 

10 

14 


500 

116.0 

150 

150 

00 


no 

28.0 

35 

35 

8 


no 

568.0 

710 

800 

1,200,000 

3>i 

220 

14.0 

20 

25 

12 

75 

220 

284.0 

350 

400 

450,000 


500 

6.0 

8 

10 

14 


500 

124.0 

150 

150 

00 


no 

40.0 

50 

50 

6 


no 

604.0 

755 

800 

1,300,000 

5 

220 

20.0 

25 

25 

10 

80 

220 

302.0 

375 

400 

500,000 


500 

8.8 

12 

15 

14 


500 

133.0 

175 

200 

000 


no 

60.0 

75 

75 

3 


no 

680.0 

850 

800 

1,500,000 

7>2 

220 

30.0 

40 

50 

8 

90 

220 

340.0 

450 

400 

600,000 


500 

13.5 

18 1 

15 

12 


500 

149.0 

200 

200 

200,000 


no 

80.0 

100 ! 

100 

1 


no 

746.0 

933 

1000 

1,700,000 

10 

220 

40.0 

50 

50 

5 

100 

220 

373 0 

450 

400 

600,000 


500 

17 5 

25 

25 

10 


500 

164.0 

200 

200 

200,000 


no 

120.0 

150 

150 

00 


no 

934.0 

1168 

1200 

2,105,500 

15 

220 

60.0 

75 

75 

3 

125 

220 

467.0, 

600 

600 

900,000 


500 

26,3 

35 

30 

8 


500 

205.0 

250 

300 

250,000 


no 

154.0 

200 

200 

0000 


no 

1106.0 

1383 

1200 

2,400,000 

20 

220 

77.0 

100 

100 

0 

150 

220 

553.0 

691 

600 

1,100,000 


500 

34.0 

45 

50 

6 


500 

245.0 

300 

300 

350,000 


no 

192.5 

250 

250 

250,000 

1 

110-volt 

data applies to 

voltages of from 

25 

220 

96.3 

125 

150 

0 

100 to 125 volts, 220-volt data to 200 to 250 volts 


500 

42.4 

60 

75 

1 

1 and 500-volt data to 500 to 600 volts. 

. 
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16, Alternating -current Generators. — Alternating-current generators are classed as single- 
phase, two-phase or quarfcer-phase, and three-phase. The first and last mentioned are the 
most common. The single-phase generator has a continuous winding on the armature in which 
there is developed a single current which fluctuates as described in Art. 12. The single-phase 
generator supplies current to either a two-wire or a three-wire circuit. 

A two-phase generator has two sets of coils on the armature. These coils are located so 
that when the current in one set is a maximum, that in the other set is zero, and vice versa. 
They are the equivalent of two single-phase generators whose currents differ in phase by one- 
quarter of a period. Two-phase generators supply current to four-wire circuits. Sometimes 
two-phase currents are distributed by three-wire circuits. 

A three-phase generator has three sets of coils on the armature. The coils may be con- 
nected so as to form a closed circuit (delta connection), or the three sets may have one end of 
each set connected to a common point (Y connection). The currents in these sets of coils differ 
in phase by one-third of a period. Three-phase generators are commonly used for generating 
currents for power purposes and supply current to three-, four- or six-wire circuits. 

Alternating-current generators are rated in kilovolt-amperes, kv-a. The output in watts 
is equal to the kilovolt-amperes multiplied by the power factor of the load circuit. The power 
factor is determined by the characteristic of the load and may have any value from 0 to 1. The 
power factor of direct-current circuits is 1. The alternating current taken by any receiving 
circuit or energy-consuming device can not be calculated from the pressure and current alone, 
but the power factor must also be known. If we represent the current output of an alternator 
by /, the e.m.f. between line wires by and the power factor by K, then the power output of 
the three types of generators is given by 

Single-phase power = KEI 
Two-phase power — 2KEI 
Three-phase power = l,7Z2KEI. 

Illustrative Problem. — A single-phase generator supplies 150 amperes to a circuit at 550 volts. What power is 
supplied to the circuit if its power factor is 0.75? 

Power = KEI watts. K - 0.75, E — 550, and I « 150. 

.-.Power = (0.75) (150) (550) = 61,875 watts - 61.875 kw. 

Illustrative Problem. — The line voltage of a three-phase generator is 2300 volts; the line current is 50 amperes 
How much power is it supplying if the power factor of the load is 0.80? 

Power = 1.7Z2KEI. K = 0.80, E « 2300, and JT = 50 amperes. 

.-.Power = (1.732)(0.80)C2300)(50) = 159,344 watts = 159.344 kw. 

16. Alternating -current Motors. — There are several types of a-c. motors in common use, 
the distinction between them being due to their construction and manner of operation. The 
more common types are: 

(а) Single-phase Series Commutator Motors. — These are practically the same as d.-c. series 
motors in general features of construction and are supplied by two-wire circuits. 

(б) Synchronous Motors. — These are practically the same as a.-c. generators, but instead of 
developing alternating current, they are driven by it. They are essentially constant speed 
machines. 

(c) Induction M otors. These are the most common type of a.-c. motors. The essential fea- 
tures of this type of motor are a stationary winding and a short-circuited rotary winding. When 
an alternating current is passed through the stationary winding a revolving magnetic field is 
produced. This revolving magnetic field develops a current in the rotating element and a drag 
results, causing the rotary element to turn. Induction motors are made for single-phase and 
polyphase currents. 

The current intake of an induction motor varies considerably with the load. The smaller, up to 25 hp., 
induction motors are commonly started by connecting them directly across the line. The starting current is thus 
from one to 3.5 times the fulHoad current depending upon the size of the motor. Provision must be made for this 
when wiring for such motors. 

Table on p. 1374 gives the currents for induction motors of different sizes. 

Switches should have a rated capacity at least as large as the rated capacity of the fuse protecting the circuit. 
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or, if the circuit is protected by a circuit breaker, the switch should have such capacity that the breaker will be set 
to be opened by a current not greater than 30 % in excess of the current rating of the switch. 

17. Household Appliances. — Owing to their convenience, the use of household appliances 
is rapidly extending. The following table gives the powers consumed, the current intake, the 
size of connecting wires and other useful data for many domestic and commercial appliances: 


Appliances 

Watts 

consumed 

Amperes at 
110 volts 

Size of wire 
(rubber covered) 

Fuse 

(amperes) 

Broilers, 3 It 

300 to 1200 

3 to 11 

14 

6 to 15 

Chafing dishes, 3 It 

200 to 500 

1.8 to 4.6 

14 

6 

Cigar lighters 

75 

0.7 

14 

3 

Coffee percolators for 6 in. stove 

100 to 440 

1 to 4 

14 

3 to 6 

Corn poppers 

300 

2.7 

14 

6 

Curling iron heaters 

60 

0.6 

14 

3 

Double boilers for 6 in. 3 It. stove 

100 to 440 

1 to 4 

14 

3 to 6 

Flatiron — 3 lb 

275 

2.5 

14 

6 

Flatiron — lb 

350 

3.2 

14 

6 

Flatiron — 5 lb 

400 

3.6 

14 

6 

Flatiron — 6 lb 

475 

4.3 

14 

6 

Flatiron — 7.5 lb 

540 

4.9 

14 

10 

Flatiron — 9 lb 

610 

5.6 

14 

' 10 

Frying kettles, S in. diam 

825 

7.5 

14 

10 

Griddle cake cookers, 9 X 12 in , 3 It .... 

330 to 880 

3 to 8 

14 

10 

Griddle cake cookers, 12 X 18 in., 3 It. . . . 

500 to 1500 

4.6 to 13.7 

14 

6 to 15 

Heating pads 

50 

0.5 

14 

3 

Instantaneous flow water heaters 

2000 

18.2 

12 

25 

Nursery milk warmers 

450 

4.1 

14 

6 

Ovens 

1200 to 1500 

11 to 13.7 

14 

15 

Plate warmers 

300 

2.7 

14 

6 

Radiators 

700 to 6000 

6.4 to 56 

14 to 4 

10 to 75 

Ranges: Three heats, 4 to 6 people , 

1000 to 4515 

9.1 to 41 

14 to 6 

10 to 50 

Ranges: Three heats, 6 to 12 people 

1100 to 5250 

10 to 47.5 

14 to 6 

, 10 to 50 

Panges: Three heats, 12 to 20 people 

2000 to 7200 

18.2 to 65.5 

12 to 4 

20 to 70 

Shaving mugs 

150 

1.4 

14 

3 

Stoves (plain) 4.5 in., 3 ht 

50 to 220 

0.46 to 2 

14 

3 

Stoves (plain) 6 in., 3 ht 

100 to 440 

1 to 4 

14 > 

6 

Stoves (plain) 7 in., 3 ht 

120 to 600 

1.1 to 5.5 

14 

6 

Stoves (plain) S in., 3 ht 

165 to 825 

1.5 to 7.5 

14 

3 to 10 

Stoves (plain) 10 in., 3 ht 

275 to 1100 

2.5 to 10 

14 

3 to 10 

Stoves (plain) 12 in. 3 ht 

325 to 1300 

2.95 to 12 

14 

6 to 15 

Stove, traveler’s 

200 

1.82 

14 

3 

Toasters, 9 X 12 in., S'ht 

330 to 880 

3 to 8 

14 

6 to 10 

Toasters, 12 X 18 in., 3 ht 

500 to 1500 

4.6 to 14 

14 

6 to 15 

Urns, 1-gal., 3 ht 

110 to 440 

1 to 4 

14 

6 

Urns, 2-gaI., 3 ht 

220 to 660 

2 to G 

14 

G 

Urns, 3-gal., 3 ht 

330 to 1320 

3 to 12 

14 

6 to 15 

Urns, 5-gal., 3 ht 

400 to 1700 

3.7 to 15.5 

14 to 12 . 

6 to 20 

WaflQe irons, 2 waffles 

770 

7 

14 

10 

Waffle irons, 3 waffles 

1150 

11 

14 

15 


18. Interior Wiring. — Electrical energy for lighting and power is conveyed into, and dis- 
tributed throughout, buildings by means of insulated wires. 

In general, wiring systems may be classified in accordance with the kind of current they 
carry; that is, direct or alternating. For low-voltage interior circuits there is little difference 
in the two systems. Another classification is based on the number of wires used in a circuit. 
According to this classification we have two-wire and three-wire systems. The two-wire sys- 
tem may be either a series or parallel system. It consists essentially of two wires by which the 
current passes to and from the lamps or other energy-consuming devices. Fig. 4 is a dia- 
gram of a two-wire parallel wiring system. Two-wire circuits may be supplied by direct cur- 
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rent or by alternating current. The alternating current may be supplied by a single-phase 
generator when the circuits are as shown in Fig. 4, or the source may be a two-phase or three- 
phase generator. When polyphase generators are used for supplying energy to two-wire circuits, 


the connections are made as shown in Fig. 5. For satisfactory operation the load in each phase 
should be approximately the same. 


Incanchscer/r /amps 


Three-phase 

sub-main 


Edmon plug fuses 



fbrne/ box 


Sub-main 


19. Three-wire Systems. — As already explained, three-wire systems are designed to permit 
the use of higher voltages with low-voltage lamps. The source of energy for a three- wire 
system may be either a three-wire, d.-c. generator or a two-wire d.-c, generator with a proper 
balancer set. Fig. 3 shows the connections for a three-wire circuit supplied by two two-wire 
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generators giving double the voltage of the lamps. When the loads between the outside wires 
and the middle or mutual wire are equal, the system is said to be balanced. When this condi- 



tral wire carries the excess of current in one outside wire above that in the other outside wire. 



Three-wire circuits are also supplied by single-phase and polyphase alternating-current 
[>;enerators through transformers. A single-phase three-wire circuit is shown in Fig. 6. 



T-he secondary winding of transformers consists of two coils which may be connected in B<*ries or paraUt», 
hence they are well adapted for supplying three-wire circuits The three-phase three-wire oirni t differs somewhat 
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from the three-wire circiiit described above, in that it essentially consists of three two-wire circuits that are inter- 
connected. The energy is supplied and distributed by three wires but the circuits are so connected that any w'ire 
may be considered as the return wire for either of the other two. Such a system is shown in Fig.s 7 and 8. 


20. Calculation of D-C. Circuits. — Most electrical energy-utilizing devices are built so as 
to operate satisfactorily at a constant voltage. This necessitates that the wires along which 
the energy is supplied be of proper size. There are two conditions that determine the proper 
size of wire; one is the voltage drop, and the other is heating. The safe current carrying 
capacity of wires is given in following table. 


Table op Allowable Carrying Capacities of Wire 


B. & S. gage 
number 

Diameter of solid 
W'ire in mils 
(1 mil = 0.001 in.) 

Area in circular 
mils 

Rubber insulation 
(amperes) 

Other insulation 
(amperes) 

18 

40.3 

1,624 

3 

5 

16 

50.8 

2,583 

6 

10 

14 

64.1 

4,107 

15 

20 

12 

80.8 

6,530 

20 

25 

10 

101.9 

10,380 

25 

30 

8 

128.5 

16,510 

35 

50 

6 

162.0 

26,250 

50 

70 

6 

181.9 

33,100 

55 

80 

4 

204.3 

41,740 

70 

90 

3 

229.4 

52,630 

80 

100 

2 

257.6 

66,370 

90 

125 

1 

289. 3 

83,690 

100 

150 

0 

325,0 

105,500 

125 

200 

00 

364.8 

133,100 

150 

225 

000 

409.6 

167,800 

175 

275 



200,000 

200 

300 

0000 

460.0 

211,600 

225 

325 



300,000 

275 

400 



400,000 

325 

500 



500,000 

400 

600 



600,000 

450 

680 



700,000 

500 

760 



800,000 

550 

840 



900,000 

600 

920 



1,000,000 

650 

1,000 



1,100,000 

690 

1,080 



1,200,000 

730 

1,150 



1,300,000 

770 

1,220 



1,400,000 

810 

1,290 



1,500,000 

850 

1,360 



' 1,600,000 

890 

1,430 



1,700,000 

930 

1,490 



1,800,000 

970 

1,550 



1,900,000 

1,010 

1,610 



2,000,000 

1.050 

1,670 
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Table op Allowable Carbying Capacities of Stranded Conductors 



Strands 


Cable 

a 

Allowable carrying capacities, amperes 

Number 
of strands 

Mils 

diameter 

B. & S. 
gage number 

Area in 
circular mils 

Outside 
diameter 
over copper 

Table A 
rubber 
insulation 

Table B 
varnished 
cloth 

insulation 

Table C 
other 
insulation 

7 

>2 5 

22 

4,490 

0.075 

15 

18 

20 

H 2 

20 

7,150 

0.096 

20 

25 

25 

Ko 

18 

11,370 

0.120 

25 

30 

35 ' 

Hi 

16 

18,080 

0.153 

35 

40 

50 

H4, 

14 

28,740 

0.192 

50 

60 

70 

Hi 

12 

45,710 

0.253 

70 

85 

90 

Hi 

11 

58,000 

0.273 

80 

95 

110 

Ko2 

10 

72,680 

0.306 

90 

no 

130 

1 

H4 

14 

78,030 

0.320 

100 

120 

150 

1 


13 

98,380 

0.360 

125 

150 

175 

1 

Hi 

12 

124,900 

0.405 

150 

180 

210 

^Hi 

11 

157,300 

0.455 

175 

210 

250 

1 

Ho7 

* 

217,500 

0.540 

225 

270 

325 

1 

Hi4 

9 1 

248,700 

0.570 

250 

300 

350 

i ^Hi 

11 

306,400 

0.637 

275 

330 

400 


H? 

* 

347,500 

0.679 

300 

360 

450 


10 

381,200 

0.714 

325 

390 

500 


* 

484,300 

0.798 

400 

480 

600 


10 

633,300 

0.918 

475 

565 

700 

6 

Hot 

* 

698,000 

0.963 

500 

600 

750 

6 

Hi4 

9 

798,300 

1.030 

550 

660 

825 

‘H21 

Ht 

893,100 

1.090 

600 

720 

900 


H28 

8 

1,007,000 

1.150 

650 ' 

780 

1,000 

®Ki4 

9 

1,191,000 

1.250 

725 

870 

1,125 


8 

1,502,000 

1.410 

850 

1,020 

1,360 


9 

1,660,000 

1.480 

90Q 

1,100 ' 

1,460 


S 

2,097,000 

1.660 

1,100 

1,300 

1,700 


21 . Wire Measurements. — The units for measuring wire are the foot, mil, and circular mil. 
The mil is Hooo iu. and is used in measuring diameter of electrical conductors. The circular 
mil is the area of a circle 1 mil in diameter. Since areas of circles are to each other as the 
squares of their diameters, the area of any circular cross section in circular mils is equal to the 
square of the diameter in mils. Thus, a wire of Ho-in. diameter has a cross-sectional area of 
100 X 100 = 10,000 cir. mils. To facilitate the determination of the proper size of wire, tables 
have been prepared giving the gage numbers, diameter, cross-sectional area, resistance per 1000 
ft. at different temperatures, and other data depending upon the completeness of the tables. 
A practical table is the following: 
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Working Table — Standard Annealed Copper Wire 

English Units, American Wire Gage (B. & S.) 


, Gage No. 

Diameter in 
mils 

Cross section 

Ohms per 

1000 feet 

Pounds per 
1000 feet 

Circular mils 

Square inches 

25® C. 

(= 77° F.) 

65° C. 

C- 149° F.) 

0000 

460.0 

212,000.0 

0.166 

0 . 0500 

0.0577 

641.0 

000 

410.0 

168,000.0 

0.132 

0.0630 

0 072S 

508.0 

00 

365.0 

133,000.0 

0.105 

0 . 0795 

0.091S 

403.0 

0 

325.0 

106,000.0 

0.0829 

0.100 

0.116 

319.0 

1 

289.0 

83,700.0 

0.0657 

0.126 

0.146 

253 0 

2 

258.0 

66,400.0 

0.0521 

0.159 

0.184 

201.0 

3 

229.0 

52,600.0 

0.0413 

0.201 

0.232 

159.0 

4 

204.0 

41,700.0 

0.0328 

0.253 

0.293 

12G.0 

5 

182.0 

33,100.0 

0.0260 

0.320 

0.369 

100.0 

6 

162.0 

26,300.0 

0.0206 

0.403 

0.465 

79.5 

7 

144.0 

20,800.0 

0.0164 

0.50S 

0.587 

63.0 

8 

128.0 

16,500.0 

0.0130 

0.641 

0.740 

50.0 

9 

114.0 

13,100.0 

0.0103 

O.SOS 

0.933 

39.6 

10 

102.0 

10,400.0 

0.00815 

1.02 

1.18 

31.4 

11 

91.0 

8,230.0 

0.00647 

1.28 

1.48 

24.9 

12 

81.0 

6,530.0 

0.00513 

1.62 

1.87 

19. S 

13 

72.0 

5,180.0 

0.00407 

2.04 

2.36 

15.7 

14 

64.0 

4,110.0 

0.00323 

2.58 

2.97 

12.4 

15 

57.0 

3,260.0 

0.00256 

3.25 

3.75 

9.86 

16 

51.0 

2,580.0 

0.00203 

4.09 

4.73 

7.82 

17 

4/3.0 

2,050.0 

0.00161 

5.16 

5.96 

6.20 

18 

40.0 

1,620.0 

0.00128 

6.51 

7.52 

4.92 

19 

36.0 

1,290.0 

0.00101 

8.21 

9.48 

3.90 

20 

32.0 

1,020.0 

0.000802 

10.4 

12.0 

3.09 

21 

28. 5 

810.0 

0.000636 

13.1 

15.1 

2.45 

22 

25.3 

642.0 

0.000505 

16.5 

19.0 

1.94 

23 

22.6 

509.0 

0.000400 

20.8 

24.0 

1.54 

24 

20.1 

404.0 

0.000317 

26. 2 

30.2 

1.22 

25 

17.9 

320.0 

0 000252 

33.0 

38.1 

0.970 

26 

15.9 

254.0 

0.000200 

41.6 

48.1 

0.709 

27 

14.2 

202.0 

0.000158 

52.5 

00.6 

0.610 

28 

12.6 

160.0 

0.000126 

66.2 

76.4 

0.484 

29 

11.3 

127.0 

0 0000995 

83.5 

96.4 

0.384 

30 

10.0 

101.0 

0.0000789 

105.0 

122.0 

0.304 

31 

8.9 

79.7 

0.0000626 

133.0 

153.0 

0.241 

32 

8.0 

03.2 

0.0000496 

167.0 

193.0 

0.191 

33 

7.1 

50.1 

0.0000394 

211.0 

244,0 

0.152 

34 

6.3 

39.8 

0.0000312 

266.0 

307.0 

0 120 

35 

5.6 

31.5 

0.0000248 

330.0 

387.0 

0.0954 

36 

5.0 

25.0 

0.0000196 

423.0 

489 . 0 

0.0757 

• 37 

4.5 

19.8 

0.0000156 

533 . 0 

616.0 

0.0600 

38 

4.0 

15.7 

0.0000123 

673 . 0 

777.0 

0.0476 

39 

3.5 

12.5 

0.0000098 

848.0 

980.0 

0.0377 

40 

3.1 

9.9 

- 0.0000078 

1070.0 

1240.0 

0.0299 
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22. Calculation of Voltage Drop. — The resistance of any conductor is given by 


R 


rj, 

A 


in which r is the resistance of a wire of unit length and unit cross section (these units are usually 
one foot and one circular mil), I is the length of the conductor in feet, and A its cross section in 
circular mils. For copper conductors at a temperature of 25 deg. C. or 77 deg. F., r is 10.5 ohms. 
Er . . . 

By Ohm’s law j R = — , in which Er is the voltage drop when a current of I amperes is flowing. 

Substituting — for Rwq have ~ == ^ j and Er = That is, the voltage drop is equal 

to 10.5 times the product of the current in amperes and length of wire in feet divided by the 
cross-sectional area of the conductor in circular mils. 

The total length of wire in a circuit is usually twice the distance between the point where 
the energy is generated and where it is utilized. The circuit voltage drop is then 


^ _ 10.57 X 21 

Er = ^ , 

where I is the distance one way. 

In case the permissible voltage drop and current are known, then the size of wire that 
may be used is obtained by solving the above equation for A, thus 


10.5 X 21 
Er 


Again it may be desirable to know the permissible current for a given line drop. Solving 
for I we have 



In a similar manner the length of wire for a given line drop and size of wire is given by 


The length of circuit is plainly 


21 ~ 


AEr 

10.51 


= AEx 

217 


The total current in a circuit may be found by adding the watts consumed at each outlet and 
dividing this sum by the prescribed voltage at each outlet. Thus 

/ — 

volts 

E 

The line drop Er is always some proportionate part of the line voltage E, and the ratio ^ may- 
be expressed as a percentage of the line voltage. Thus line voltage 

p 100, whence ^ 


Sometimes it is desirable to determine the proper size of wire in terms of the power transmitted. 
This can readily be done as follows: In d.-c. circuits the power is given by 


But 


W = I XE 

_ 10.5 X 121 
Er 


lO.S’lSC I XE21 _ 10.6 X W2 
ErXE ErE 


Hence 
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If the power W is expressed in kilowatts, it will have to be multiplied by 1000 to reduce it 
to watts before substituting in above equation. For convenience of reference the foregoing 
formulas are collected together as follows : 


„ 10.57 X2Z 

a - ^ 

, 10.5/ X 21 

^ = & 

y AEr 

CD 

(21 

(3) 

(4) 

10.5 X 21 


(5) 

10.5/ 

1! 

(61 

100 

(7) 

10.5W X 21 

ErE 

(8) 


The letters in the above formulas have the following significance: 

A ~ size of wire in circular mils. 

E voltage of circuit. 

Et line drop in volts (voltage drop) due to resistance. 

J = current flowing in wire in amperes. 

I = length of circuit or line (one wire) in feet. 

21 = total length of wire in feet. 

-p = voltage drop in per cent of line voltage. 

= resistance of wire in ohms. 

W = total watts delivered. 

Illustrative Problem. — Given a current of 125 amperes and a line drop of 8 volts, determine the resistance 
of the line. 

j? « ^ = 0.064 ohm 

Illustrative Problem. — A circuit 400 ft. long is composed of No. 8 wire; what will be the drop when 60 amperes 
are flowing through the circuit? 

The cross-sectional area of No. 8 A. W. G. wire is 16,500 mils. Then by Formula (2) 

rr _ 10-5rx2g 

A 

(10.6) (50) (2) (400) 

16,500 

« 25.5 volts, nearly. 

Illustrative Problem. — What should be the cross-sectional area of the wire in the preceding problem if the 
voltage drop is 13.1 volts? 

, 10.51 X 21 



^ (10.5) (50) (2) (400) ■ 

13.1 

= 32,100 oir. mils, nearly. 

Illustrative Problem. — What current may be delivered over a line one mile long consisting of No, 00 A. W. G. 
wire in order that the drop shall not exceed 15 volts? The cross section of No. 00 wire is 133,000 cir. mils. 

y A Er 

10.5 X 2Z 
(133,000) (15) 

“ (10.6) (2) (5280) 

= 18 amperes, nearly. 

Illustrative Problem. — What is the maximum length of circuit that can be made with a No. 000 A. W. G. 
copper wire allowing a drop of 25 volts with a current of 75 amperes? The cross section of No. 000 wire is 168,000 
oir, mils. 

AEr 

211 

_ (168,000) (26) 

(21) (76) 

= 2666 ft. 
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Br =■ 


■ Illustrative Problem. — Given a line voltage of 600 volts, what is the smallest wire that may be used for a cir- 
cuit of 1000 ft. in length, to carry 60 amperes at a 10 % hne loss? 

pB 
100 

= ( 10 ) ( 600 ) 

100 

=*= 60 volts 
10.5 I X 21 


A 

ar 

(10.5) (60) (2) (1000) 
60 


21,000 cir. mils. 


The smallest wire that would be used is No. 6 A. W. G. which has a cross section of 26,300 cir. mils. 

Illustrative Problem. — A two-wire feeder must carry 40 kw. a distance of 400 ft, with a loss of 5 %, the volt- 
age between conductors being 110 volts. Find the size of conductor. 


jp _PE 
100 


(5) (110) 


”5.5 volts 


100 
10.5 W X2l 


BrE 

(10.5) (40,000) (2) (400) 
(5.5) (110) 


= 555,000 cir. mils. 


23. Center of Distribution. — When service wires of uniform size are to be used for convey- 
ing energy to a group of scattered lamps, the size of wire for a prescribed voltage drop and 
number of lamps may be determined by computing the distance L to the center of distribution of 
the group of lamps from the feeders, by the formula 

Xj — -h clz ~f~ etc. 

a 4- 5 + c + etc. 


a,hjC, etc., are the numbers of lamps in each group and hjhy 3 , etc., are the distances of the 
groups from the service point. 

Illustrative Problem. — What is the distance of the center of distribution from the service point for the groups 
of lamps 125, 140 and 175 ft. from the service outlet, the first group consisting of 50 lamps, the second of 45 lamps 
and the third of 30 lamps? 

y all “j- 5^2 4” cZ 3 

a + 6 4- c 

a = 50, 5 « 45, c = 30. h = 125, U = 140, h = 175. 

Hence 

r ^ (50) (125) 4- (45) (140) + (30) (175) 

50 4* 45 4- 30 
= 142.4 ft. 


Illustrative Problem. — What must be the size of service wires if the voltage drop is not to exceed 4 volts when 
all the lamps arc turned on, each lamp taking 0.5 ampere? 

, 10.5r2Z 


Br 


Then 


I = 
A-- 


(0.5) (125) = 62.5 amperes 
(10.5) (62.5) (2) (142.4) 


I = 142.4 ft. 
= 46,725 cir. mils. 


Er 


■ 4 volts 


24. Parts of a Circuit. — In Fig. 9 are shown the different parts of a distribution or supply 
circuit. The connection between the point of supply and the energy-consuming device is 
made by means of feeders, mains and branches. The feeder is the part of the circuit that 
extends from the switchboard to the first distributing center. The mains are the supply lines 
extending from the first distributing center to panel boxes or secondary distributing centers, 
and branches or branch lines are the parts of the circuit connecting the individual lamps or 
motors to the distributing centers, 

26. Wiring Methods. — The wiring methods commonly used may be considered under two 
heads, concealed and open. The methods employed in concealed wiring are (1) rigid conduit, 
(2) flexible conduit, (3) armored cable, (4) knob and tube. 

26a. Rigid Conduit. — For interior wiring, electrical conduit is mild steel pipe 
This is connected by means of suitable couplings and is installed so as to make a continuous 
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wire-way from outlet to outlet. Wires are drawn into these after the building is completed. 
The conduit may be run exposed, or concealed in the walls, between floors, or in channels during 
construction. The conduit system may be used in any kind of building, but it is used chiefly 
in buildings of fireproof construction. In fact, no other should be allowed in such buildings. 
Rules governing the installation of rigid conduit and for grounding the same are found in the 


Size of Conduits for the Installation of Wires and Cables. Two-wire and Three- 

WIRE Systems 


Size of wire 

Number of wires in one conduit 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Minimum size of conduit, inches 

14 

H 

K 

34 

H 

K 

1 

1 

1 

1 

12 

H 

K 

H 

K 

K 

1 

1 

1 

134 

10 

H 

H 

K 

1 

1 

1 

134 

IK 

13^ 

8 

H 

H 

1 

1 

1 

134 

13'! 

i>I 

134 

6 


1 

IK 

13^ 

13^2 

134 

2 

2 

2 

5 

Va 

134 

134 

134 

13^2" 

2 

2 

2 

2 

4 

Va 

134 

134 

134 

2 

2 

2 

2 

23^ 

3 

H 

IH 

IK 

134 

2 

2 

2 

23'3 

23^ 

2 

. H 

IK 

iK 

134 

2 

2 

2K 

23^2 

234 

1 


IK 

IK 

2 

2 

234 

2K 

3 

3 

0 

1 

IK 

2 

2 

23-^ 

234 

3 

3 

3 

00 

1 

2* 

2 

234 

234 

3 

3 

3 

33^ 

000 

1 

2 

2 

2H 

3 

3 

3 

33^ 

3M 

0,000 

IK 

2 

2K 

234 

3 

3 

33^ 

332 

4 

200,000 C, M. 

m 

2 

2K 

2H 

3 

3 

3K 

332 

4 

225,000 

134 

2K 

2K 

3 

3 

3K 




250,000 

m 

2K 

2K 

3 

3 

3K 




300,000 

134 

2K 

3 

3 

3>2 

3K 




350,000 

IH 

2K 

3 

3K 

3K 

4 




400,000 

134 

3 

3 


4 

4 




450,000 

IH 

3 

3 

m 

4 

434 




500,000 

IK 

3 

3 


4 

434 




550,000 

IK 

3 

334 

4 

4.K 

5 




600,000 

2 

3 

3K 

4 

^K 

5 




650,000 

2 

3K 

334 

4 






700,000 

2 

3K 

334 

43-2 






750,000 

2 

3K 

3K 

434 






800,000 

2 

3K 

4 

434 






850,000 

2 

3K 

4 

4K 






900,000 

2 

3K 

4 

434 






950,000 

2 

4 

4 

5 






1,000,000 

2 

4 

4 

5 






1,100,000 

2K 

4 

4K 

6 






1,200,000 

m 

4t2 

4K 

6 






1,250,000 

2K 


4M 

6 






1,300,000 

2K 

434 

5 

6 






1,400,000 

2K 

434 

5 

6 






1,500,000 

2K 

434 

5 

6 






1,600,000 

2K 

5 

5 

6 






1,700,000 

3 

5 

5 

6 






1,750,000 

3 

5 

5 

6 






1,800,000 

3 

5 

6 

6 






1,900,000 

3 

5 

6 







2,000,000 

3 

5 

6 
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For Stage Pocket, Border Circuits, and Elsewhere 
By Special Permission 


Size of wire 

Maximum number of wires in conduit 

1 in. 

IViin. 

m in. j 

2 in. 

2H in. 

3 in. 

14 

11 

19 

26 

43 

61 

95 

12 


1.5 

i 

34 

50 

77 

10 


12 

16 1 

27 

38 

60 

S 



13 j 

22 

31 

49 

G 



1 

1 

14 

22 


National Electrical Code. It may be proper to mention, however, that the two wires of the 
same circuit should always be drawn into the same conduit. This is especially important when 
the energy or current supplied is alternating. Experience has shown what size conduit is best 
suited for the installation of certain size conductors. The following table contains this data 
in tabulated form. Sections of rigid conduits are shown in Fig.. 10. 




Fig. 10, Fig. H. 


266. Flexible Conduit.—Flexible tubes are made from metal or non-metallic 
material. To distinguish between the two, it is customary to designate the former by the term 
flexible conduit, and the latter by flexible tubing (Fig. 11). Flexible conduit is made by 
winding together spirally two metal strips in such a manner that they interlock at the edges 
forming a smooth and comparatively frictionless surface inside and out. Single strip flexible 
conduit is also on the market. The advantages claimed for this metal tube are flexibility, 
continuity, mechanical, strength and ventilation. 


For sizes not greater than No. 10 B. & S. gage, one more conductor than permitted by the above table may be 
installed in the specified conduit, provided the conduit is not longer than 30 ft., and has not more than the equiva- 
ent of two quarter bends from outlet to outlet, the bends at the outlets not being counted. 
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Three-oonbugtor Convertible System 


Size of conductors 

■> Size conduit, in. 

B. & S. gage 

Electrical trade size 

two 

14 and one 10 

H 

two 

12 and one 8 


two 

10 and one 6 

1 

two 

8 and one 4 

1 

two 

6 and one 2 

IK 

two 

5 and one 1 

IK' 

two 

4 and one 0 

IK 

two 

3 and one 00 

IK 

two 

2 and one 000 

IK 

two 

1 and one 0,000 

2 

two 

0 and one 250,000 

2 

two 

00 and one 350,000 

2K 

two 

000 and one 400,000 

2K 

two 

0,000 and one 550,000 

3 

two 250,000 and one 600,000 

3 

two 300,000 and one 800,000 

3 

two 400,000 and one 1,000,000 

CO 

two 500,000 and one 1,250,000 

4 

two 600,000 and one 1,500,000 

4 

two 700,000 and one 1,750,000 

4K 

two 800,000 and one 2,000,000 

• 

4K 


Note. — W here special permission has been giv’en the following table may apply. 


Single Conductor Combination 

No. of wires 

10 No. 14 E,. C. solid 

18 No. 14 E. C. solid 

24 No. 14 E. C. soHd 

40 No. 14 E. C. soHd 

74 No. 14 E. C. soUd 

90 No. 14 E. C. solid 


Size conduit, in. 
Electrical trade size 
1 

IH 

IK 

2 

2H 

3 


The flexibility of the conduit permits its use in many places where the use of rigid conduit is impractical. 
On this account it is used mostly in buildings where it is desired to run electric circuits after the completion of the 
building. 

Where the first cost of an installation must be kept at a minimum, and yet where a safe and more permanent 
wiring than the knob and tube system is required, the flexible conduit may be advantageously used. 

The same rules govern the installation of flexible conduit that apply in the case of rigid conduit. 

26c. Armored Cable. — The casing of an armored cable is very similar to the 
flexible conduit just explaioed. Steel armored cable is distinguished from flexible conduit by 
having the conduit made over the conductors so that both conduit and conductors may be 
installed at the same time. Fig. 12 shows the general appearance of 
such a cable. In certain cases, specified in the code, the cable must 
have a lead covering placed between the outer braid of the con- 
ductors and the steel armor. 

26d. Flexible Tubing. — Flexible tubing is distinguished 
from flexible conduit in that the tube is made of fibrous material. 
Flexible tubing is used mainly in conjunction with knob and tube 
work in places where the knobs or tubes do not furnish sufficient protection .and where the rules 
require additional safeguards. As a separate method of wiring, the flexible tube is very little 
used, and its use in place of the other methods mentioned should be discouraged. 
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256. Knob and Tube Wiring. — The most common method o£ wiring for frame 
buildings during the process of construction is the knob and tube method. As the name indi- 
cates, the wires are run on knobs, and where they pass through timbers, additional insulation 
is provided by porcelain tubes. In this method of wiring the conductors are run concealed 
between floors and partitions; when the conductors run parallel to the joists and in vertical 
runs, knobs attached to the timbers by screws, or nails and leather heads are used; and where 
the conductors pass through partitions or timbers, tubes are first inserted. Fig. 13 shows 
the general appearance of a knob and tube installation. 

Solid knobs were formerly used exclusively but have oeen almost entirely displaced by 
split knobs such as are shown in Fig. 14, in which is also shown a porcelain tube and cleat. 

26. Protection of Circuits. — The energy is supplied to the building by two- or three-wire 
service mains. At the point of entrance, or as near as possible at the point of entrance, and 
inside of the walls, automatic cut-outs must be installed and arranged, to cut off the entire 


FJexih/e 





Fig, 14. 


current from the building. These cut-outs may be fuses or automatic circuit breakers. The 
kind of cut-out to install in any case will depend upon the load supplied. The rated capacity 
of fuses must not exceed the allowable current carrying capacity specified in table on p. 1296. 
Circuit breakers must not be set for more than 30 % above the allowable carrying capacity of 
the wire unless a fusible cut-out is also installed in the circuit. 

27. Fuses. — A fuse is a relatively short piece of wire or conductor, of relatively low melting 
point, whose current carrying capacity is less than that of the circuit in which it is placed. By 
combining tin, bismuth, and lead in proper proportions, it is possible to make alloys which 
will melt at low temperatures. Wires on strips made from these alloys are soldered between 
copper terminals and used for fuses. The greater the current carrying capacity of the fuse, the 
longer is the time required for its operation at a given overload. 

In selecting the proper size, of fuses to protect any apparatus, the time element, as explained 
above, should be considered in connection with the smallest current likely to prove dangerous. 

Since all motors are required to carry momentary overloads, fuses with a comparatively 
long-time lag are well suited for their protection. The capacity of the fuse is usually equal to 
the full-load current of the motor, and the momentary overload of 50 % will not open the fuse 
nor will it do any damage to the motor. If the overload continues, the fuse will open the circuit 
before any damage can be done to the motor. 

For protecting alternating-current motors, fuses are not so well adapted. The reason for this is that the 
alternating-current motors take excessive current on starting. When the motor has reached full speed, the cur- 
rent is very much reduced. Thus, fuses whose current-carrying capacity is equal to the full-load current, will open 
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the circuit upon starting and, if the capacity of the fuse is sufficiently large to carsy the starting current, it will 
not protect the motor in case of a long-continued overload. One way of overcoming this difficulty is to use tw o 
sets of fuses in parallel; one set of fuses having a capacity equal to the starting current and the other equal to the 
running current. Each set of fuses should be cut in or out by means of a separate switch. On starting, the switch 
in series with the "running” set of fuses should be open, and closed after the motor has come up to speed, when the 
other switch is opened. When such an arrangement is used, a much better protection is given to the motor. 


Fuse and Wire Sizes for Induction Motors of Squirred-cage Type or Similar 
Types Taking Large Starting Currents 
INDUCTION MOTORS— SINGLE PHASE — All Frequencies and Standard Speeds 


n 

Full load amps. 

Starting fuse amps. 

Running fuse amps. 

Size of wire or cable. 
Rubber or other insulation 

Hp. 

110 V. 

> 

0 

01 
« 

440 V. 

550 V. 

110 V. i 

220 V. 

P' 

o 

550 V 

no V. 

220 V 

440 V. 

o 

o 

j 

110 V. 

220 Y. 

A Off 

) 550 V 

0.5 

6.8 

3.4 

1.7 

1.3 

20 

10 

5 

5 

10 

5 

5 

5 

14 

14 

14 

14 

1.0 

13.3 

6.6 

3.3 

2.4 

35 

20 

10 

0 

15 

10 

5 


8 

14 

14 

14 

2.0 

24.8 

12.4 

6.2 

4.9 

65 

35 

20 

15 

30 

15 

10 

0 

C) 

S 

14 

14 

3.0 

36.0 

18.0 

9.0 

7.2 

75 

45 

30 

25 

40 

20 

15 

10 

4 

8 

10 

12 

5.0 

58.4 

29.2 

14.6 

13.8 

120 

70 

40 

30 

65 

35 

20 

15 

2 

6 

8 

10 

7.5 

85.2 

42.6 

21.3 

17.1 

170 

85 

55 

45 

95 

45 

25 

20 

0 

4 

6 

8 

10.0 

110.0 

55.0 

27.5 

22.4 

220 

110 

70 

60 

120 

60 

30 

25 

00 

2 

6 

G 

15.0 

162.0 

81.0 

40.5 

33.0 

325 

165 

80 

70 

180 

90 

45 

35 

211,600 

0 

4 

6 

20.0 

208.0 

104.0 

62.0 

42.6 

400 

200 

110 

86 

230 

115 

60 

45 

300,000 

0 

2 

4 

25.0 

258.0 

129.0 

64.5 

51,6 

500 

260 

135 

100 

280 

140 

70 

60 

400,000 

000 

1 

2 

30.0 

304,0 

152.0 

76.0 

61,0 

600 

300 

150 

125 

335 

170 

85 

70 

500,000 

200,000 

0 

2 

35.0 

356.0 

178.0 

89.0 

70,0 

710 

360 

180 

140 

380 

190 

100 

SO 

650,000 

300,000 

0 

1 

40.0 

400.0 

200.0 

100.0 

80.0 

800 

400 

200 

160 

440 

220 

110 

90 

750,000 

300,000 

0 

0 

50.0 

492.0 

246.0 

1 

123.0 

99.0 

980 

590 

250 

200 

540 

270 

135 

110 

1,000,000 

500,000 

000 

0 


INDUCTION MOTORS — TWO PHASE — ^FOUR WIRE — All Frequencies and Standard 


Speeds 


Hp. 

Full load amps 

« 

Starting fuse amps. 

Running fuse amps. 

Size of wire or cable. 

Rubber or other insulation 


















> 

> 

> 

>-* 


> 


> 

>■ 

> 

> 

> 


> 


> 


o 

o 

o 

o 

o 

p 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 



N 







tH 

<N 


»o 





0.5 

3.1 

1.5 

0.8 

0.6 

10 

5 

5 

5 

5 

5 

5 

5 

14 

14 

14 

14 

'1.0 

6.0 

3.0 

1.5 

1.1 

15 

10 

5 

5 

10 

5 

5 

5 

14 

14 

14 

14 

2.0 

11.0 

5.6 

2.8 

2.2 

30 

15 

10 

5 

15 

10 

6 

5 

10 

14 

14 

14 

3.0 

14.7 

7.3 

3.6 

3.2 

40 

25 

15 

10 

20 

10 

5 

5 

S 

10 

14 

14 

6.0 

28. 6 

14.3 

7.1 

5.3 

70 

35 

20 

15 

30 

20 

10 

10 

G 

8 

12 

It 

7.5 

38.8 

19.4 

9.7 

7.8 

80 

50 

30 

20 

45 

25 

15 

10 

4 

8 

10 

12 

10.0 

60.2 

25.1 

12.5 

10.8 

100 

65 

35 

30 

55 

30 

15 

15 

2 

0 

8 

30 

15.0 

73.4 

36.7 

18.3 

15.0 

150 

75 

45 

40 

80 

40 

20 

20 

1 

4 

8 

8 

20.0 

95.0 

47.5 

23.7 

19.5 

190 

95 

60 

60 

110 

60 

30 

25 

0 

2 

6 

S 

25.0 

118.0 

59.0 

29.5 

23.4 

240 

120 

70 

60 

130 

65 

35 

30 

000 

2 

6 

6 

30.0 

138.0 

69.0 

34.5 

27.6 

280 

140 

75 

65 

150 

75 

40 

30 

200,000 

1 

4 

n 

35.0 

162.0 

81.3 

40.5 

32.0 

320 

160 

80 

70 

190 

90 

45 

35 

2 ii;ooo 

0 

4 

6 

40.0 

182.0 

91.0 

45.5 

36.4 

360 

180 

90 

75 

200 

100 

50 

40 

300,000 j 

0 

4 j 

4 

60.0 

224.0 

112.0 

66.0 

46.0 

450 

225 

110 ' 

90 

245 

125 

60 

50 

350,000 1 

00 

2 

4 

60.0 

268.0 

134.0 

67.0 

53.5 

540 

270 

135 

110 

290 

160 

75 

60 

450,000 

000 

1 

2 

75.0 

332.0 

166.0 

83.0 

66.5 

660 

330 

170 

130 

365 

180 

90 

75 i 

600,000 

211,600 

0 

1 

100. 0 


218.0 

109.0 

87.5 


440 

220 

175 


240 

120 

96 


350,000 

00 

0 

150. 0 


320.0 

160.0 

128.0 


640 

320 

260 


350 

175 

140 


550,000 

211,600 

000 

200.0 


418.0 

209.0 

169.0 


830 

420 

340 


450 

230 

185 


800,000 

350,000 

300,000 

260 0 


515.0 

257.0 

207.0 


1030 

500 

400 


560 

280 

230 


1,100,000 

400,000 

300,000 

300.0 


615.0 

307.0 

246.0 


1230 

600 

500 


676 

340 

270 


1,400,000 

600,000 

400,000 


* Value of current in common wire for a two-phase three-wire system would be 1.41 times value given. 
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INDUCTION MOTORS— THREE PHASE— All Frequencies and Standard Speeds 


H.p. 

Full load amps. 

Starting fuse amps 

Running fuse amps 

Size of wire or cable. 

Rubber or other insulation 


> 

> 

> 

> 


> 

> 

> 

> 

> 

> 

> 

> 

> 

> 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



w 


o 



V 

o 




ko 






1 

(N 



i-H 

(M 


o 


<M 




CM 



0.5 

3.6 

1.8 

0.9 

0.7 

10 

5 

5 

5 

10 

5 

5 

5 

14 

14 

14 

14 

1.0 

7.0 

3.5 

1.75 

1.3 

20 

10 

5 

5 

10 

5 

5 

5 

14 

14 

14 

14 

2.0 

13.0 

6.5 

3.25 

2.6 

30 

20 

15 

10 

15 

10 

6 

5 

10 

12 

14 

14 

3.0 

19.0 

9.5 

4.75 

3.8 

50 

30 

20 

10 

25 

15 

10 

5 

8 

10 

14 

14 

5.0 

30.8 

15.4 

7.7 

6.2 

70 

40 

25 

15 

35 

20 

10 

10 

6 

8 

12 

14 

7.5 

44.8 

22.4 

11.2 

9.0 

90 

60 

30 

25 

50 

25 

15 

16 

4 

G 

10 

12 ■ 

10.0 

58 0 

29 0 

14.5 

11.8 

120 

70 

40 

30 

65 

35 

20 

15 

2 

6 

8 

10 

15 0 

So.O 

42.5 

21.2 

17.4 

170 

85 

50 

40 

95 

45 

25 

20 

0 

4 

8 

8 

20.0 

110.0 

55.0 

27.5 

22.5 

220 

110 

60 

55 

120 

60 

30 

25 

00 

2 

G 

6 

25.0 

136.0 

68.0 

34.0 

27.0 

270 

140 

70 

65 

150 

75 

40 

30 

000 

1 

6 

6 

30.0 

160.0 

80.0 

40.0 

32.0 

320 

160 

80 

70 

175 

90 

45 

35 

211,600 

0 

4 

6 

35.0 

188.0 

94.0 

47.0 

37.0 

375 

190 

100 

75 

210 

110 

50 

40 

300,000 

0 

2 

4 

40.0 

210.0 

105.0 

52.5 

42.0 

420 

210 

110 

85 

230 

115 

60 

45 

350,000 

00 ‘ 

2 

4 

50.0 

260.0 

130.0 

65.0 

52.0 

520 

260 

125 

110 

285 

145 

70 

60 

450,000 

! 000 

1 1 

2 

60 0 

310.0 

155.0 

77.5 

62.0 

620 

310 

160 

125 ! 

340 

170 i 

85 

70 

550,000 

211', 600 

0 

2 

75.0 

384.0 

192.0 

86.0 

77.0 

770 

390 

175 

160 

420 

210 

95 

85 

750,000 

300,000 

0 

0 

100 0 

150.0 

200.0 

250.0 

300.0 


252.0 

368.0 

484.0 

595.0 

710.0 

126.0 

184.0 

242.0 

287. 0 

355.0 

101.0 

148.0 

195.0 

240.0 

285.0 


500 

730 

920 

1200 

1420 

250 

370 

480 

570 

710 

200 

300 

390 

480 

570 

— 

280 

410 

530 

650 

780 

140 
200 1 
265 ' 
315 
390 

110 

160 

215 

265 

315 


400.000 

700.000 

900.000 

1.300.000 

1.600.000 

000 

300.000 

400.000 

500.000 

650.000 

0 

200,000 

300.000 

400.000 

500.000 


The tables given above prepared by a committee of the Western Association of Electrical Inspectors give the 
horsepower rating, full-load current, size of starting fuses, and sizes of wire for alternating-current motors of the 
induction type of all frequencies, standard speeds and standard volt ages. Rules of the National Electrical Code 
were taken into account in the preparation of these tables. The assumption is made that the motors are to be 
started under full load and that starting devices are used on motors larger than 5 hp. The question of voltage drop 
has not been taken into consideration. 

A standard guarantee of 25 % overload for 2 hr. has been adopted by the American Motor Manufacturers’ 
Association and this excess current should be taken care of in the design of leads and auxiliary apparatus for motors. 
Some motors used for intermittent service require an overload capacity of 200 % for a short period of time and the 
motors should be fused accordingly. For ordinary motors coming under the above-mentioned guarantee, fuses 
rated at 25 % above the normal full-load current of the motor should be used which will insure the opening of the 
circuit at approximately 50 % overload. Fuses rated at 60 % more than the normal 30-min. current rating should 
be used on motors of intermittent rating, such as variable speed motors. 


30 years ago. 


27a. Enclosed Fuses. — The first enclosed fuse was that designed by Edison some 
In its present form the Edison plug fuse, as it is called, consists of a hollow porce- 


(Fijsevrire 





Fia. 15. 


lain plug on the lower outside part of which is a threaded brass ring. One end 
of the fuse wire is fastened to this ring and the other end passes through the 
bottom of the plug and is soldered to a small brass cap. To prevent the escape 
of the hot metal w'hen the fuse blows, the plug is closed by a piece of mica 
held in place by a brass ring. The rating of the fuse is marked both on the 
small cap at tip of plug and on the ring which holds the mica in place. The 
appearance of this type of enclosed fuse is shown in Fig. 15. Although this 
plug was brought out som^ 30 years ago, it is undoubtedly used to a greater extent today than 
any other form of enclosed fuse, especially on house lighting circuits, 

276. Cartridge Fuses. — When the 220-volt system came into use, it was soon 
discovered that the operation of the Edison plug fuse was very unsatisfactory and the enclosed 
cartridge fuse was designed. The cartridge fuse consists of a piece of zinc-aluminum fuse wire 
enclosed in an insulating tube, usually of vulcanized fiber, paper or similar material. The fuse 
wire is surrounded by an inert, nonconducting material resembling chalk. The ends of the 
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fuse are attached to copper caps which fit over the ends of the fiber tube. Fig. 16 shows the 
arrangement of the various parts. When a fuse of this type is blown, the formation of an arc 
is prevented by the filling within the tube. In most cases, this prevention is purely mechanical, 
but in some makes of cartridge fuses, there is a chemical action between the filling material and 
melted fuse; in other cases a small air chamber surrounds the fuse wire, as shown in Fig. 16. 
Experience and tests have shown that the cartridge type of fuse is far more accurate and fuses 
melt more nearly at the proper point than any other type of fuse. Some other advantages are 
its ease in manipulation, range of voltage, and freedom from the influence of air currents. 


Standard dimensions and test requirements have been prepared for 250- and 600-volt fuses. These require- 
ments are given in the National Electric Code. The dimensions of fuses have been carefully worked out and 
are as small as it is safe to make them. Standard fuses are now made by all principal fuse manufacturers and 
are interchangeable in all National Electric Code standard fuse blocks of corresponding capacity. The use of 
fuses of special dimensions and particularly those smaller than the standard should be discouraged. 

The National Code divides enclosed fuses into classes according to the voltage and ampere capacity and 
specifies the dimensions for each class so that a given fuse can be used only in a fuse block of its class. The fuses 

are rated so that they will carry 10 % overload indefinitely and will open at 
25 % overload. 

The ferrule contact is used on fuses up to 60 amperes capacity and 
knife-blade contacts are those of larger capacity. Fig. 17 shows fuse blocks 
of different forms. 




Fig. 16. Fig. 17. 


28 . Switches. — Switches may be classified in various ways. If the voltage is taken as the 
basis of classification, we have the low- voltage and high-voltage switches. With reference to 
their construction and operation they may be classified as knife, snap, push button; if the basis 
of our classification is the number of line wires that can be opened and closed by the opening 
and closing of the switch, we have the single-pole, double-pole, triple-pole, etc., switches. 
Again switches may be single throw (S. T.) and double throw (D. T.) depending upon the 
number of ways in which they can be closed. The distinction between knife, snap, and push 
button switches needs no extended discussion. Single-pole, double-pole, and triple-pole switches 
are distinguished from each other by the number of line wires that can be opened or closed at 
once. Thus a single-pole switch can be used in only one wire of a circuit; a two-pole, in two 
wires; a three-pole, in three wires. Single-pole, double-pole, ar\d three-pole switches are repre- 
sented in Figs. 18, 19, and 20 respectively. A double-pole double-throw switch is shown in 
Fig. 21. A double-pole double-throw switch differs from a single-throw switch in that two 
circuits may be successively connected by it to the same supply circuit, or if cross connected, 
the direction of the current may be reversed. Snap and push button switches are made both 
single and double pole, but never double throw. Knife switches must be installed in such a 
manner that gravity will not tend to close the switch, and both switch and receiving circuit 
must be protected by fuses or some other form of ''cut-out.” The switch should be so con- 
nected that when it is open the blades are dead. A good method of connecting*a service switch 
to the line is shown in Fig. 22. The figure shows Edison plug fuses in the mains. It is also 
clear that when the switch is opened, the blades are disconnected from the mains and can safely 
be handled. It is advisable to connect a knife switch in this manner whenever possible. Some 
knife switches are provided with an extra set of jaws to which the line circuit is connected. On 
such a switch the hinge joints are never connected to the circuit. 

Mention was made above of the possibility of controlling lights from two points by means of three-way switches. 
The manner in which this is done will perhaps be understood best by reference to Fig. 23. This i.s a .«tandard dia- 
gram for three-way switch connection. Assuming the switches to be turned as indicr.t<v! 1/ f ,11 li.. ^ — tk. t i?, 2 
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being connected to 4 and 2 ' to 4' — no current can flow through the lamps. If either switch be turned so that 
either 1 and 3 or 1' and 3' are connected, the lamps will light, and then turning either switch again will disconnect 
them. Three-way switches are considered as single-pole switches and must be wired so that only one pole of the 
circuit is carried to either switch. 

If it is desired to control the lights from more than two points, a four-way switch must be used at each addi- 





28a. Electrolier Switch. — This is a form of snap switch which is designed for 
closing one or more circuits. A diagram of the internal connections of a three-circuit electrolier 
switch is given in Fig. 25. The first quarter turn of the handle, lights the lamps connected at 1 ; 
the second quarter turn, those at 1 and 2; and the third 
quarter turn, all the lamps. The fourth quarter turn opens 
the circuit. It is not possible to illustrate the operation 
with a simple diagram. 

29. Cut-out Panels and Cabinets. — According to the 
Electrical Code not more than 660 watts, or under special 
conditions, not more than 1320 watts for lighting circuits may 
be supplied through one cut-out. This necessitates many 
branch circuits for all installations except the smallest. It 
is usually most convenient to group the cut-outs together and mount them on panel boards 
(Fig, 26) . They are made in many forms and for two-wire and three- wire circuits. The bus-bars 
are usually run vertically with the cross-connecting bars extending horizontally to the branch 
circuits. These horizontal bars are interrupted for fuses, or for both switches and fuses. 
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Three forms of fuses are used at the present time for the panel board type of cut-out; 
i.e., the plug fuse, the link fuse, and the enclosed or cartridge fuse. 

For conductors smaller than No. 8 A W.G. the connection is made by means of binding 
screws with copper washers. This connections is used for all the branch conductors which are 
usually of No. 14 or No. 12 wire, although in a few cases No. 10 conductors are used. When 
conductors of No, 8 or larger are used, the connections are made by means of special copper 
lugs, the wires being inserted in a hole in the lug and soldered. Such a connection is a marked 
improvement over the method of screws and washers. Where the wire is held in place by a 
screw and washer, only a small portion of the wire is in actual contact, and overheating at the 
terminal may result. The lug terminal is preferable in nearly all cases, as it provides a good and 
lasting connection. A solid wire larger than No. 8 is very stiff and vibrations will loosen it if 
secured under a binding screw and washer. 





For purposes of protection and convenience in operation, panel boards are mounted in 
cabinets (Fig. 27). 

In department stores or buildings where lights are thrown on and off by means of switches at the panel board, 
and where persona unskilled in the uses of electricity operate the switches, panel boards should be designed so as to 
prevent’ access to the interior of the cabinet. This is readily accomplished by using push-button switches in the 
branch circuits. The push-button switches can be made flush with the door of the cabinet, which may be locked, or 
the switch compartment may be provided with a separate door. By the latter arrangement it is possible to lock the 
fuse compartment and provide latches for the switch compartments (Fig. 28 ). 

For the use of unskilled persons the push-button switch is preferable to the knife switch. A novice in electrical 
matters is very apt to close or open the circuit slowly which causes arcing and may ruin the switch. This cannot 
happen when push-button or snap switches are used as the mechanisms operate with a quick make-and-break. 

30 . Outlet Boxes. — Metal outlet boxes are required at all outlets where conductors are 
run in conduits or armored cables, and for flush switches and receptacles in connection with 
any kind of covering. 

Outlet boxes are not required by the present rules for circuit work run in wooden molding 
for cleat work, or for knob and tube wiring, except as noted above. 

All the principal forms of outlet boxes may be roughly classified in two groups, universal 
and special. Under the first head are included those forms of boxes in which an opening may 
be made in any part of the box, so that, no matter from what direction the tube comes, a cor- 
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responding opening in the box may be more or less readily made without drilling. The other 
type of box is one which is designed for a specific purpose. Fig. 29 is -a universal outlet box. 

31. Distributing Systems. — In any system of wiring the supply circuit terminates at either 
a cut-out cabinet or a switchboard. From the cabinet or switchboard several sets of feeders 
and mains are usually run to variSbs points from which the current is supplied to lamps, motors, 
or to other receiving apparatus. 

31a. Selection of a Feeder System. — In every case the arrangement of the feed- 
ers will, of course, be determined by the use and arrangement of the receiving apparatus. In 
house wiring for lighting purposes there are, however, some general conditions which influence 
the feeder systems. These conditions may be classed 

under the following heads : reeder fi:>rstgr?^ 


1. Control of groups of lights from main switchboard. 

(а) Hall lights. 

(б) Other than hall lights. 

2. The number of outlets that should be supplied by one set 

of feeders. 

3. The limit for the size of feeder conductors 

4. Allowable loss in feeders and mains. 




Fig. 29, 


Fig. 30. 


In the designing and laying out of feeder systems the use and arrangement of the building must 
be given due consideration. The control of hall lights from one point, usually the main switch- 
board, is a matter of considerable importance. This, however, applies primarily to hotels, 
apartment houses, or to buildings in which the light for halls is furnished by the owner of the 
building, and therefore, should be under the control of men in his employ. 

Control of Hall Lights from One Point , — In private residences it is seldom advisable to have 
separate feeders for hall lights, since it is much more convenient to operate the lights by switches 
placed at convenient points in the halls. In public buildings it is almost always advisable to 
install separate feeders for hall lights. The main point in the problem is not the necessity for 
separate feeders, but the number necessary for efficient operation. For instance, in lighting 
long halls it is often necessary to have different numbers of lamps turned on at different times 
in the day, and also on different days. This, of course, combines the problem of efficient 
lighting with wiring as is true in almost every case. In the solution of such a problem it is 
necessary to first determine the number and distribution of lamps and the approximate time 
when these lamps are to be operated. Having determined the number of groups of lamps that 
are to be operated, the number of pairs of feeders and their current-carrying capacities can 
then be readily determined. Thus, if it is found that the lights can or should be operated in 
three grpups, three pairs of feeders will be necessary. Each group of lamps can be turned ,on 
and off at the proper time without interfering with the others. It is very probable that the 
cost of the additional feeders will be more than compensated for by saving in energy. A good 
arrangement of feeder systems for hall lighting is shown in Fig. 30. The necessity for more 
than one set of feeders arises from the fact that it may not be advisable to have lights burning 
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on all floors at the same time. The subdivision of feeders into sets may thus effect an appreci- 
able saving in energy. 

Control of Other than Hall Lights . — When groups of lights, other than hall lights, are to be 
controlled from the main switchboard, separate feeders shoi^ be provided for each group of 
lights. This is especially true in case there is some decoratiw lighting. Lights for decorative 
purposes should always be controlled from some convenient point. 

Before laying out any system of feeders an elevation of the building should first be drawn, and the ser-vice 
required on each floor noted. This does not mean simply the amount of power, but the use and time during 
which the power is to be used. Having determined this together with the power supply— that is, whether it is the 
intention to obtain power from the central station or whether a separate plant is to be installed the contractor 
can proceed with the laying out of feeders and mains. 

While arranging the scheme for feeders and mains, consideration must be given the construction of the build- 
ing with special reference to runways and shafts which will greatly facilitate the installation of the feeders. The 
usual scheme followed is first to locate the outlets and then the distributing centers. The main points to be con- 
sidered are the current density and source of supply. 

315. Greatest Number of Outlets One Set of Feeders May Supply.— There is 
no absolute rule that can. apply in every case concerning the number of outlets that may be 
supplied by one set of feeders. There are, however, some general considerations which should 
be kept in mind. Economy and convenience of operation will perhaps be greater if each set of 
feeders supplied few units. The reasons are: (1) when many units are being fed by one set of 
feeders a sudden overload may cause an opening of the circuit and a disturbance over a con- 
siderable area — that is, any accident that would cause the opening of the circuit connecting 
that set of feeders with the bus-bars would cause greater inconvenience than if the receiving 
apparatus were supplied by several feeders; (2) more economical operation will undoubtedly 
be secured by dividing the load among several sets of feeders. 

31c. Limiting Size of Feeder Conductors. — ^Local conditions will, to a great 
extent, determine the exact size of feeder conductors in any particular case. If the question of 
cost is given first consideration, it will be found cheaper to install a conductor whose capacity 
is large enough to carry the maximum current rather than several smaller ones whose combined 
capacity is the same. The ease and facility with which the small conductors may be run, will, 
in many cases, compensate for the difference in cost; and furthermore, the possibility of sub- 
division should not be overlooked. Conductors larger than 1 in. in diameter should seldom be 
installed. When a larger current capacity is necessary, it will invariably be found cheaper to 
run smaller conductors whose capacity in the aggregate is equal to the capacity required. 

There are other reasons for using smaller conductors: (1) the available space for running conduits, and (2) 
the size of conduit itself may restrict the size of feeder conductors. Thus, feeders requiring over 2-in. conduit 
should never be used since a 2-in. pipe is about as large as can be economically handled especially if there are many 
bends or offsets. 

31d. Allowable Loss in Feeders and Mains. — The exact voltage drop to be 
allowed in feeders will depend upon the total permissible drop from switchboard to lamps. A 
good rule is to allow about one-half the total permissible drop for feeders, one-fourth for mains, 
and one-fourth for branch circuits. Such a division is conducive to good voltage regulation at 
the lamps. 

Since mains are mere extensions of feeders most of the foregoing discussion applies to them 
is well. 

32. The Process of Determining the Size and Quantity of Wire Required for a Given 
Installation. — The general principles so far discussed may be applied in any particular case as 
follows: First, prepare a vertical cross section of the building showing the number of stories and 
their height. Upon this, and upon the floor plans, mark the position of the outlets, and from 
these the branch circuits, distributing centers, and rising shafts. Upon the elevations and floor 
plans, mark at each distributing center the number of watts which are to be supplied by the 
branch circuits, starting from the center. Having done this, a tentative layout of the mains may 
be made. It is clearly evident that the purpose of the foregoing process is to determine the 
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current to be carried by each set of mains and feeders. From this data and the allowable drop, 
the size of conductors may then be calculated. 

From the elevation and floor plans, next determine the approximate length of the feeders 
and mains. This approximate length will be accurate enough for computing the drop and, 
consequently, the size of conductor. 

According to principles already given, the cross-sectional area in circular mils is then 

A = 10.5F X 2Z 
ErE 


The data for calculating the size of mains is obtained in the same way and the calculations are also made as 
above. For determining the cost of the conductors the approximate length as given above will not be sufficiently 
accurate. The actual length as nearly as possible should be determined by the aid of the floor plans and elevation 
by indicating very nearly the actual direction the wires are to run and making allowance for slack, bends, and off- 
sets. About 5 % of the length is usually allowed for slack, and no definite percentage can be given for bends and 
offsets. This must be determined from the plans themselves, or in case the framework of the building has already 
been erected, by actual measurements on the building. Before deciding definitely upon a particular scheme, it is 
well to make the necessary calculations for at least two or more different arrangements. It will often be found 
that some one plan will be more economical or more easily followed. 

33. Specifications. — A specification may be briefly defined as a detailed statement of 
materials to be used and the manner of executing the work. 

Most of the materials for inside electrical construction are at present standardized and 
must have the approval of the Electrical Committee of the National Fire Protection Associa- 
tion. Consequently, in preparing specifications it is usually unnecessary to go into extended 
detail when describing the material to be used. For this part of the specifications it will usually 
be found sufficient to name the types of construction and specify that only approved material 
may be used. The second part of the specifications — namely, construction and method of con- 
trol, etc., — should be worked out with considerable detail. This is especially necessary where 
the contract for the wiring is to be let to the lowest responsible bidder. If the specifications are 
not adequate, there can be no ‘comparative basis for letting the contract. 

In the preparation of a set of specifications it is important that the language used* be 
grammatical and construed according to the rules of grammar. It is dangerous to permit 
inaccuracy or confusion in the arrangement of clauses, because the true intent may thus be 
distorted and not admit of ready interpretation. There are many words and phrases which 
may have one or several meanings in ordinary narration, but quite different meanings when used 
in technical description, or in relation to some special subject, and it must be supposed that 
technical words and phrases are used in the specific and technical sense applicable to the subject. 

Specifications for electric wiring that is to be installed under a separate contract should con- 
tain in the first paragraph a statement that the work is to be done and the material is to be 
furnished in conformity with the following: (1) American Institute of Architects’ Instructions 
to Bidders; (2) National Electrical Code; and (3) the Ordinances of the City and Rules of the 
Inspection Department of the city in which the work is to be done. Consideration should 
also be given to the requirements of the electricity supply company to secure the best operating 
and maintenance conditions. 

In general, it may be said that in addition to the architect’s instructions, the National 
Electrical Code, and city and inspection department regulations, the specifications should cover 
in detail: (1) the general considerations applicable to any installation, and (2) a detailed descrip- 
tion of the installation in question. 

SECTIOW I. GENERAL CONDITIONS ♦ 

The general considerations may be subdivided further as follows: 

Scope of Contract . — Under this heading should be stated the work to be covered by the specifications. 

Explanations . — Under explanations should be enumerated the meaning and force of the specifications, and 
who shall be the final authority in interpreting the specifications. 

Changes . — Under this heading should be enumerated conditions under which changes will be permitted, who 
shall specify what changes are to be made, and how pay shall be estimated for changes ordered. The following 
example illustrates this: 
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No changes will be permitted in these specifications, or in the plans accompanying the same, except in minor 
details or for good legitimate cause, or except when made necessary by reason of altered conditions or changes in 
the building. 

“ No such changes shall be made without the authority of the representative of the owner. 

“The owner shall have the privilege of ordering any changes that may be deemed desirable or necessary, 
for the hereinabove specified reasons or for other legitimate reasons, at any time before the completion of the work. 

“ All such changes, involving no additional cost to the Contractor and no loss or expense to the owner, are to 
be made free of expense to the owner. 

“For all changes ordered by the owner, or his representative, the settlement shall be made when possibly by 
reference to the “stated prices” which are required to be quoted in the Contractor’s proposal, as specified 
hereinafter. 

“For any addition to, or omission from, the circuit work, or for any other change required in the installation, 
involving additional cost to the Contractor, and for which no adequate basis of settlement has been provided in 
the “stated prices” aforesaid, the Contractor must first give WTitten notice of such additional cost, and must sub- 
mit an estimate; and a special order shall be issued for the said addition, omission, or change, before the work of 
making said change is begun. 

“Bills of all extra work must be rendered promptly on the completion of said extra work, accompanied with 
all items, and details necessary for the proper audit of said bills. 

“The owner shall receive credit for the value of all materials or work discarded and not installed. 

“No allowance shall be made for extra work unless these conditions are fully complied with.” 

Supervision. — This clause is to specify the individual or official under whose immediate supervision the work is 
to be executed, and to whom is reserved or given the right to accept or reject any portion of the equipment, and 
what shaE be the criterion for such acceptance or rejection. 

Repairs, Defects, Etc. — A paragraph with the above heading is necessary to cover the character of the labor 
employed by the contractor; the time during which contractor agrees to keep equipment in repair, which may be 
necessary on account of defective material or workmanship. 

Other Trades. — Since in the construction of nearly all buildings, members of several different trades may be 
employed, it becomes necessary to include a clause explaining the relation between the wiring contractor, owner, 
and other workmen on the building. It is also necessary to explain under whose direction and supervision work 
other than the wiring is to be done when the wiring necessitates such work. 

Subcontracting. — In order that the owner or his representative may at all times know whom to hold responsible 
for the performance of any part of the work it is customary to specify conditions under which the whole or parts 
of the contract may be sublet. 

Accidents. — In order to avoid controversy over the responsibility for accidents, it is necessary to state clearly 
that the contractor and his subcontractors are to bear any loss which may result from their own neglect. This is 
especially important in states which have industrial laws. 

Inspection. — This part of the specifications is usually covered by a clause something like the following: 

All materials and work are to conform in all respects to the requirements and*regulations of the National Board 
of Fire Underwriters and any local boards having jurisdiction, including the latest amendments and modifications 
to their rules. The contract is not to be considered complete until all necessary certificates of inspection have been 
furnished. 

SECTION n. DETAILED SPECIFICATIONS 

Plans. — Number of plans and what each covers. 

S&rvice Wires. — ^Location of service wires, and character of wiring. 

Lamps and Fixtures. — If the lamps and fixtures are to be a part of the contract, their character and types 
should be described in detail. It is perhaps better to have a separate set of specifications for this part of the 
installation. 

Feeders and Mains, — Give sizes of wires; state between what points they are to be run, and whether separate 
circuits are to be run for motors, heating devices, or other accessories. 

Branch Circuits. — Describe size of wires to be used for the different circuits. 

Conduits. — Kinds of conduits; sizes for feeders and mains; sizes for branch circuits; method of installing; care to 
be used in fitting. 

OvUet Boxes. — Kinds of outlet boxes that will be permitted. 

Fixture Supports. — Where to be located and designs to be used. 

Cut-Old Cabinets. — Where to be located; by whom furnished; kind. 

Cvt-outs. — Kinds; mounting; style of switches for branch circuits. 

Fuses and Fuse Holders. — Kinds; where to be located. 

Switches. — Types, locations, capacity, etc. 

Baseboard and Wqjf Receptacles. — Kinds and locations. 

General. — Describe any special features that do not properly come under any of the above headings. 

Test. — Describe test which is to be applied to make installation acceptable. 

SECTION m. WIRING FOR TELEPHONES 

This is usually done by the telephone companies, but in order to have the telephone wiring run to proper and 
convenient outlets, the following may be safely included: 

Conduit Run for Telephones. — ^Location of telephones; systems to be used. 

Terminal Boxes. — Where located. 
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SECTION IV. WIRING FOR ELEVATORS 

In buildings where elevators are to be used, specifications for this should be included. The most important 
items will be: 

Kind of Service. 

Feeders. 

Location of Meter. 

Outlets, etc. 

The notes following the general headings are merely indicative of what should be described in detail. Where 
necessary the description should be supplemented by drawings showing any special features or arrangements. 


34. Standard Symbols for Wiring Plans. — The National Electrical Contractors' Associa- 
tion and the American Institute of Architects have agreed upon symbols which are to be used 
in wiring plans and specifications. 

This specification is based upon the use of the following standard symbols adopted by the National Electrical 
Contractors’ Association and the American Institute of Architects. 




Ceiling outlet 


Ceiling outlet (gas and electric) 

Ceilipg-lamp receptacle 
Specification to describe type such as key, keyless, or 
pull chain 



Ceiling outlet for extensions 


0^0 Ceiling-fan outlet 


@ 


S. 


PuH switch 
Drop cord 



Wall bracket 


Wall bracket (gas and electric) 


Wall outlet for extensions 


WaU-fan outlet 
Wall-lamp receptacle 

Specification to describe type such as key, keyless, or 
pull chain 


Single-cdhvenience outlet 


1^2 


Double-convenience outlet 


0 

0 


Junction box 

Special-purpose outlet 
Lighting, heating, and power as described in specifica- 
tions 

Special-purpose outlet , 

Lighting, heating, and power as described in specifica- 
tions 


0 


Special-purpose outlet 
Lighting, heating, and power as described in specifica- 
tions 


10 

O’^ 


Exit light 


Floor outlet 


Floor elbow 


Floor tee 


2 ^ Local switch, single pole 


$2 

$5 

SD 

s*< 

SE 

SP 

sR 

ED 


Local switch, double pole 

Local switch, three way 
Local switch, four way 
Automatic door switch 
Ivey push-button switch 
Electrolier switch 
Push-button switch and pilot 
Remote- control push-button switch 
Tank swtich 
Motor 

Motor controller 


I Lighting panel 


7 /7 7 77 X panel 


Heating panel 


^^Pull box 


Cable-supporting box 



Meter 

Transformer 


Branch circuit, run concealed under floor 
above 

Branch circuit, run exposed 


— — Branch circuit, run concealed under floor 

The character marked on tap circuits indicates 
II two No. 14 conductors in K-in. conduit 

This character marked on tap circuits indi- 
cates three No. 14 conductors in M-in. 

I II conduit 

This character marked on tap circuits indi- 
cates four No. 14 conductors in %-in. 

II II conduit unless marked H 
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35. Wiring of Concrete Buildings. — The rigid conduit system of wiring is the only one to 
be recommended for fireproof buildings. For such structures, either one of two methods of 
installing the conduits may be followed; that is, the conduits may be run either exposed or con- 
cealed. The method to be followed in any given case will be determined by local conditions 
although it may be said that the concealed system is to be preferred if the conditions will permit 
its installation. 

35a- Exposed Conduit System. — In many concrete buildings it is not always 
practical to locate definitely the outlets during the process of construction. This is especially 
true of buildings intended for manufacturing purposes. Moreover, the installation of conduits 
in sucli a building after its completion is a laborious and expensive process unless some provision 
for such installation is made while the building is under construction. 

The best plan to follow will be to a great extent determined by local conditions. Never- 
theless, two quite common methods are the following; Fig. 31 shows a section of a reinforced 
concrete floor. Openings for the conduit are made by placing short pieces of pipe of proper 
diameter in the girder form. These pieces of pipe must be large enough to permit the easy 
insertion of the conduit, and they must also be of such length that when the forms into which 
the concrete is poured, are removed, the ends of the sleeves will be flush with the sides of the 
girders In most cases, 1 in. pipe will be large enough. The sleeves pass horizontally through 
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the girder near the ceiling line in every bay, or as near as possible to the neutral axis of the 
girder. They may be placed in all four sides of the bay so that several circuits can be run in. 
The sleeves must be in alignment, and they must be firmly fastened to the forms so that the 
pouring of the concrete and other operations, will not displace them. Then by using condulets 
and exposed iron panel boxes, a neat job of exposed conduit wiring is assured. 

If the girders are steel I-beams, another plan must be followed. A convenient method of fastening the conduit 
in such instances is shown in Fig. 32. A board is first fastened under the girder by means of clips extending around 
the flange of the I-beam and screwed to the board. The conduit is then attached to the under side of the board by 
straps. 

366. Concealed Conduit Construction. — The exact plan to be followed in this 
type of construction will depend somewhat upon the form or style of concrete construction, but 



Fig. 31. Pig. 32. 



Fig. 33. Fig. 34. 



Fig. 35. 


€bnajff ^ pcmef^^ Concfu/f fo nexf' OuHdboXj 




in general either one of two methods may be employed. In one system the conduits are installed 
after the concrete is all poured, set, and the forms removed. In the other system, the condmts 
and outlet boxes are fastened in place and the concrete is poured over them. If the conduits 
are to be installed after the removal of the forms, some provisions must be made for outlets 
through the concrete slabs before the concrete is poured, as structural engineers as a rule will 
not permit the cutting away of the reinforcing steel. One method of securing an opening 
through the concrete slab is to fit wooden blocks as is shown in Fig. 33. These blocks are spe- 
cially made, and tapered as shown. The smaller end of each block is placed at the bottom, and 
its diameter is approximately that of an outlet box. In length, the blocks are equal to the 
thickness of the concrete slab. These blocks must be set and securely fastened before the 
concrete is poured. One good method of fastening them in place is by means of bolts as 
indicated. A hole is bored the whole length of the block and through the form. A bolt of 
proper length is inserted and a nut is screwed on from below. 

Instead of blocks, tin tubes or sleeves, like those generally placed around steam pipes where 
they pass through the ceilings, may be used. These tubes should not be smaller than 3 in. in 
diameter, and about 6 in. long. Such tubes are fastened by flaring them out at the bottom and 
nailing them to the forms, where outlets are required. To protect the tubes from being filled 
with concrete, they are filled with sand as soon as put in place. 

When the concrete has set, and the forms have been removed, the conduit is installed as 
shown in Fig. 34. The conduit is bent and inserted into the outlet box which is placed flush 
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with the opening. This necessitates sharp bends, and the length of conduit extending into the 
opening must be short to prevent the box from being exposed. 

Undoubtedly the best practice, however, is to fasten the outlet box to the forms before 
the concrete is poured. The wood forms are set with the reinforcing steel in place, and upon 
this the conduit is placed as shown in Fig. 35. Several methods may be employed for fastening 
the boxes in place. One method is to first fasten the conduit and fixture hanger to the box; 
then drive a nail at the exact center of the outlet and place the center of hanger over the nail 
at the outlet location. The box may then be fastened to the forms by wire nails which arc 
driven part way into the boards and then bent over the box, or the nails may be driven through 
the screw holes in the bottom of the box. These naUs must be cut out before the wire is drawn 
in. 


To avoid sharp ends of nails in the boxes after forms are removed, either of the following plans is to be pre- 
ferred: Drive on a slant four nails about half way into the forms on the opposite sides of the box. Then take a 
No. 14 soft-iron wire and make a turn or two around the head of each nail, crossing over the box from nail to nail. 
When this has been done, drive the nails down until the box is held firmly in place. 

Another convenient method is shown in Tig. 36. A scrap piece of ^^-in. conduit is tapped with a ^^-in. 
tap and then screwed on to the fixture stud in the bottom of the box. A hole of the proper size is bored through 
the form and a piece of pipe is pushed into it. By means of a lock nut, the box is drawn up tight against the form 
and firmly held in place. When the concrete is set, the stem is unscrewed from the fixture stud, permitting the 
easy removal of the forms. The "outlet boxes must be deep enough to permit the insertion of the conduit from the 
sides. These boxes are installed before the reinforcing steel is put in place, and the conduits are run immediately 
after the placing of the wire netting upon which they rest. In such a construction, the conduit serves as a 
reinforcement and can be completed back to the center of distribution. It may also be turned up or down at switch 
outlets as the case demands. 

The ends of the conduits%iust be securely closed against the entrance of water or concrete. Some contractors 
use wooden plugs or tape covered with a waterproof compound for this purpose, while one contractor recommends 
the use of the circular pieces that are knocked out of the^ outlet boxes. These he fastens in place by slipping a 
knockout disk of proper size into a bushing and then screwing the bushing on to the exposed end of the pipe. Such 
a joint can readily be made water tight, and the construction is cheap. Switch outlets are usually placed on either 
the walls or the partitions. This fact necessitates bringing the conduit through the forms in the line of the walls 
or of the partition. Great care must be exercised to locate these outlets accurately, for after the cement has set, 
it is too late to change them. Tor vertical runs between floors tt is a good plan to provide channels. 



SECTION 7 

ELECTRIC LIGHTING AND ILLIJMINATION 
By C. M. Jansky 


1. General. — When lamps are placed in a room, the purpose is not to have a source of light 
to look at, but to make objects in the room visible and in some instance to enhance their beauty. 

Objects are seen by reflected light; that is, light from some source after falling on the object 
is reflected by it to the eye where it excites the sensation of vision. By means of this sensation 
we can get a perception of the shape, size, color, and other physical characteristics of the object. 

There are two types or kinds of reflection — ^specular and diffuse. If the object upon which 
the light falls is polished, it is invisible, for nearly all of the incident light is reflected at the same 
angle and an image of the source is seen. Polished surfaces such as mirrors, produce specular 
reflection. Light falling on a visible object is not all reflected at the same angle nor is all of it 
that is incident at a given point reflected to the eye, but it is dispersed or scattered. Such a re- 
flection is known as diffuse. Objects are made visible by diffuse reflection. 

The effectiveness of a system of illumination is thus indicated by the distinctness with 
which the objects are seen and their colors and other features are depicted. If the light source 
is in the direct line of sight, vision will not be distinct, for the e^^e automatically adjusts itself 
to the most brilliant object and prevents the entrance of sufficient light from the less brilliant 
objects to make them clearly visible. This is also true if one side or portion of an object is 
brilliantly illuminated while the other side is in 
shadow. 

It is a mistake to assume that brilliant lights give 
the most efficient illumination. Efficient illumination 
is secured by a proper and even distribution of light 
rather than by great intensity. The artistic aspect 
of lighting fixtures, however, should not be neglected. 

2. Light and Illumination. — ^Light is the ph^'sical 
condition of the ether which produces the sensation 
of vision. The sources of light are the sun, and other 
incandescent bodies. Those in which we are at present concerned are electric lamps. The 
high temperature of the lamp filament produces the condition in the ether which we call 
light. Illumination is the distribution of light on objects to make them visible. , Light is the 
cause; illumination is the effect. The problem in designing a lighting system is to use light so 
as to obtain illumination without causing eye discomfort or strain. Lighting and illumina- 
tion thus have utilitarian, artistic, and hygienic aspects. In a properly designed and efficient 
lighting and illumination system the sources of light should be of relatively low intrinsic 
brilliancy. They should be out of the direct range of vision and the distribution of light 
should be such that objects viewed are clear and distinct without excessive shadows or glare. 
Brilliancy of a lighting system is no guarantee of its efficiency from an illumination viewpoint. 
No modern light source should be exposed so as to be normally visible. Such a condition is 
harmful to the eye and contributes much toward making the lighting system unattractive. 

In addition to the general factors mentioned above, many local or particular factors must 
be considered in designing a lighting system. 

3. Distribution of Light. — If the source of light is a small incandescent hall, it is evident 
that it would appear equally bright from every direction. Such a body sends out light of equal 
intensity in every direction. - The total amount of light emitted is commonly called the flux of 
light. Since light travels in straight lines, it- is evident that a small area near the source of light 
will receive as much light as a larger one at a distance (Fig. 1). The small area will thus appear 
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more brillliantly illuminated. Tke illumination will also vary with, the color and texture of 
the object and its inclination to the rays of light. Ulumination is thus a function of many differ- 
ent factors among which the intensity or brillinacy of the light source is only one. 

The brilliancy of a light source is a measure of the flux of light emitted. The intensity of 
light, or flux of light, in any specified direction is measured in candles. A candle is the luminous 
intensity of light emitted by a standard candle. This is a candle made according to certain 
definite specifications and burned under specified conditions. It is an arbitrary unit for meas- 
uring luminous intensity. 

Since every practical artificial light source emits different quantities 
of light in different directions, the brilliancy in only one direction can 
be used as the unit of comparison. The light giving power in the hori- 
zontal direction has been made the basis of intensity measurements. 
By horizontal direction is meant every direction in a plane perpendicu- 
lar to the axis of the light at its center. 

The candle power of a lamp is its luminous intensity expressed in 
candles. The candle power of a lamp is usually different in different 
directions, hence the average or mean of the intensities is usually given. 
The average or mean candle power may be the average of the intensi- 
ties in a great many different directions. For example, the mean lower 
hemispherical candle power of a lamp is the average of the candle 
power values in all directions below the horizontal. The mean 
spherical candle power of a lamp is the average of its candle power in 
all directions. The usual luminous rating of lamps is expressed in mean horizontal candle power; that is, the 
average of all values of luminous intensity in the horizontal plane. 

4. Distribution Curves.^' — As pointed out, the luminous intensity or candle power of a lamp 
varies with the direction. Candle power in any direction is determined by comparison with 
the luminous intensity of a standard lamp. A typical or rather illustrative curve showing the 
variation in candle power of a 16-candle power carbon lamp is shown in Fig. 2. The measured 
luminous intensities are either tabulated or plotted in the form of curves (see Fig. 3). At the 




Fig. 3. 


left the data are given in tabular form; at the center and right, the relations are shown by curves 
plotted to polar coordinates. The candle power at any angle is the average obtained as the 
lamp rotates about its vertical axis. 

Distribution curves are graphical methods of presenting the data in the table. A distribu- 
tion curve shows at a glance the variations in luminous intensities in diff erent directions and the 
curves are thus simply convenient methods of presenting tabulated data. The area of a distri- 
bution curve is not a criterion of the total amount of light emitted by a lamp. Fig. 4 shows 
two distribution curves of two light sources emitting equal amounts of light flux. 

In. calculating the light flux in different zones it is customary to determine the average candle power for zones 
of 10 deg. width. It is sufficiently accurate for most purposes to assume that the candle power at the center of 

I Bui. Eng. Dept,, National Lamp Works of Gen. Elec. Co., No. 7G. 
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the zone represents the average candle power of the zone. The total light flux in lumens is then obtained by multi- 
plying the candle power by the area of the zone on the surface of a sphere of 1 ft. radius. The factors by which 
such candle power values should be multiplied to give the lumens in each 10-deg. zone are: 


Zone, degrees 

Multiplying factors 

0 to 10 

0.0954 

10 to 20 

0.2S3 

20 to 30 

0.463 

30 to 40 

0.62S 

40 to 50 

0.774 

50 to 60 

0.897 

60 to 70 

0.992 

70 to 80 

1.058 

80 to 90 

1.091 


Above 90 deg the factors are the same but in the reverse order. 


6. Units of Illumination. — It is evident from Fig. 1, that the quantity of light from a point 
source falling on a given surface decreases as the square of the distance of the surface from source 
of light increases. The quantity of light that is incident upon a square foot at a distance of 
1 ft. from the source is spread out over 4 sq. ft. at a distance of 2 ft. 



Fia. 4. 


Evidently the illumination produced will vary with the quantity of light falling on the 
surface. That is, the illumination also varies inversely as the square of the distance of the 
lluminated surface from the light source. 

A standard candle will produce a certain definite illumination on a surface at a distance of 
1 ft. This illumination is called the foot-candle. It is a unit of illumination and not of candle 
power. In Fig. 1, if ^ is a lamp of 1 c.p. intensity, and A is a surface 1 ft. away, the illumination 
is 1 foot-candle. If the surface is farther away, like B for example, the illumination is less, or 
of a foot-candle. The foot-candle is a unit of illumination and accordingly any value express- 
ed in foot-candles must he a value at one point only, unless it is given as an average value. 

In calculating the illumination for a particular installation, it is convenient to select a 
horizontal plane on which it is assumed that illumination is desired. This plane, known as 
the plane of illumination, is usually 2 ft. 6 in. above the floor. In laying out a lighting system, 
it is customary to select an average foot-candle intensity on the plane of illumination, this 
average depending on the brilliancy of illumination desired. The lighting system is then de- 
signed to give thjs average value. With an average intensity in foot-candles on the plane of 
illumination, the intensity may vary considerably from point to point on the plane ; but by 
using the right reflector at the proper height and by proper spacing of the lamps, the variation 
in intensity may be made negligible and the resulting illumination will be uniform. 

The quantity of light emitted by a light source has been called the flux of light. The 
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amount of light that produces an average illumination of 1 foot-candle on an area of 1 sq. ft. 
is called a lumen. What is meant by a quantity of light will be better understood by reference 
to Fig. 1. The solid angle included by the planes aSh^ CSd, and ASd^ niay be considered as 
including a certain amount of light. The luminous intensity in candle power may be different 
in different directions within the solid angle, but the quantity of light within the angle is a 
definite fixed amount. If this amount is such that the illumination on A per square foot is 1 
foot-candle, the light flux in lumens is equal to the area of A in square feet. If A has an area 
of 1 sq. ft. and the average illumination is 1 foot-candle, the quantity or flux of light is 1 lumen. 
If we assume S to be a point source emitting light uniformly in all directions, then the total 
flux in lumens is equal to Air times candle power of S. 


Illustrative Problem. — Accord ng to curve in Fig. 3, the average candle power at an angle of 25 deg, from the 
vertical is 178. This is the middle of the 20 and 30-deg. zone. What is the light flux in this zone? 

The multiplying factor for the zone 20 to 30 deg. is 0.463. The product of 0.463 X 178 ~ 82.4 lumens. The 
table to the left gives 142 - 60 = 82 lumens. 

To use these factors with any light unit take the candle power from a light distribution 
curve at the middle of the zone and multiply this candle power by the zone factor. Thus, to 
obtain the light flux in the 0 to 10-deg. zone, read the candle power intensity at 5 deg. and multi- 
ply by the 0 to 10-deg. zone factor, etc. Distribution curves are now used principally for de- 
termining the proper reflector for use in given locations to secure the proper light distribution. 

6. Essentials of Good Ulumination.^’ — The essential characteristics of a satisfactory illumi- 
nation system or installation are: (a) efficiency, (h) uniformity, (c) diffusion, (d) eye protection, 
{e) color value, and (J) appearance. 

ба. Eflflciency. — By efficiency is meant the useful percentage ot the total quantity 
of light emitted by the light source. By useful light is meant the light which actually produces 
illumination on the surface or object desired. It is light that remains after subtracting the light 
absorbed by the reflecting equipment and the ceiling and walls. Efficiency as used here is some- 
times termed “utilization efficiency. It is expressed as a percentage of the total number of 
lumens incident on the working plane and this percentage is called “utilization factor.’^ A 
knowledge of utilization factors is necessary for the design of an efficient lighting system . Tabled 
1 gives utilization factors upon the working plane for a number of typical conditions. 

While efficiency should be considered in the design of a lighting system, it is not always of 
prime importance especially in comparison with eye protection. It should not be sacrificed, 
however, unless there is a corresponding gain in some other factor. On large installations, it will 
always pay to calculate the cost of any sacrifice which is made in efficiency in order to be sure 
thatit is justified. 

бб. Uniformity. — By uniform illumination is meant the freedom from variation 
in the light distribution in a room or space. When the same foot-candle intensity is obtained 
at every point on the working plane, the illumination is uniform. Although absolute uniform- 
ity is not necessary in practice, streaks of excessive brightness and shadows are to be avoided 
because they are tiring to the eyes. 

Degree of uniformity is usually expressed as a percentage deviation from the mean or aver- 
age. Thus, if the average illumination is 2 foot-candles, the maximum 2.4 foot-candles, and the 
minimum 1.5 foot-candles, the greatest deviation from the average is 0.5 foot-candles. This is 
25% of the average. Therefore, the degree of uniformity is expressed as 25% maximum devi- 
ation from the mean. 

Illumination that does not have a greater deviation than B0% from the mean is, for all practical purposes, 
uniform illumination. The eye cannot detect such a variation in an ordinary room. Variations considerably 
greater than this arc often found even in well laid out systems. In rooms where close work is to be performed, 
such as offices, drafting rooms, schools and the like, 30% maximum deviation is a desirable limit. In stores, 
churches, theatres, many parts of factories, etc., variations up to 50 % may be allowed- In such places as ware- 
houses, stock rooms, corridors, etc., still greater variations in illumination are not serious. 

' The Lighting Handbook, Gen. Elec. Co. 

2 Fundamentals of Illumination Design, National Lamp Works of Gen. Elec. Co 
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Table 1. — Coefficients op Utilization 

This table applies to installations in square rooms having sufficient lighting units symmetrically ar- 
ranged to produce reasonably uniform illumination. To obtain the coefficient for any rectangular room, 
find the value for a square room of the narrow dimension and add one-third of the difference between this 



Uniform illumination can be obtained by the proper placing of lamps and by the use of properly designed 
reflectors. This is shown in Fig. 5. To secure uniform illumination on the working plane with different types 
of reflectors, the lamps must be mounted at different heights. Not onlyjis the mounting height of the lamp de- 
pendent upon the typo of reflector, but also upon the spacing of the lamps. A table of maximum spacings and 
minimum mounting heights is given in Table 2. 
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Table 2. — Recommended Maximum Spacings and Minimum Mounting Heights for 

Various Units 

(Mounting height equals distance of light source above plane of illumination) 


Equipment 

Spacing 

t Ratio - height 

Mounting height 

Spacing 

Prismatic, mirror, or aluminum; 



Intensive 

13^2 

Vz 

Focusing 

H. 


Extensive 


H 

Indirect or semi-indirect 

iHt 

HX 

Opal or porcelain enamel: 



Bowl 

m 

H 

Dome 

IH 

H 

Totally enclosing glass 

IH 

H 

Semi-enclosing * 


Vz 


* To get maximum spacing distance, multiply Ratio by mounting height, 
t To get minimum mounting height, multiply Ratio by spacing distance, 
t Height equals distance between ceiling and plane of illumination. 


6c. Diffusion. — Diffusion of illumination may be defined as the degree to which 

the light received at any point comes from different 
directions If the light received at any point on the 
plane of illumination comes from many directions, 
the diffusion is good; if it comes from only a few 
directions, the diffusion is poor. An example of 
good diffusion is furnished by indirect lighting in 
which the light on the plane of illumination comes 
from a large area — ^the ceiling. An example of 
poor diffusion is illumination obtained from a 
single opaque parabolic reflector which projects the 
light in a single direction. A high degree of diffu- 
sion eliminates shadows and glare. Poor diffusion 
of illumination is characterized by excessive bright- 
ness at some portions of the field of view resulting 
in impaired vision and discomfort to the eye. 

Another type of glare, contrast glare, is due to exces- 
sively bright light sources in comparison with other objects. 
Authorities state that to avoid this type of glare, visible light 
sources should not bo more than 200 times as bright as their 
background, and preferably not over 100 times, in ordinary 
artificial lighting of interiors where the average illumination 
on the working plane is from 3 to 6 foot-candles, and for 
higher illumination intensities than G foot-candles this limit of contrast should be loss than 100 to 1. 

6d. Eye Protectiou. — The importance of protecting the eyes against the injurious 
effects of improperly placed lights, excessive brightness, glare, and other harmful consequences 
of an improperly designed lighting system cannot be too strongly emphasized. Many public 
and assembly halls are very poorly lighted in this respect. Lights are placed on the stage or are 
suspended from the ceiling over the stage in such a position that they shine directly into the 
eyes of persons in the audience. Such practice is inexcusable. Eye protection should be 
given first consideration in any illumination scheme. In any well-designed lighting system, 
care should be taken so to placer and shade light sources that the bare, brilliant source will 
not be in the range of vision and there will not be extreme contrasts of light and shade. When 
reflectors are used they should be deep enough to conceal the lamp from view at all ordinary 
angles of vision. The glare from ’a brilliant light source is most detrimental where the light 
source is close to the line of sight. As it is moved away from the line of sight, the glare decreases 
and practically ceases when the angle between the line of sight and the line from the lamp 





Sec. 7-6e] 


ELECTRIC LIGHTING AND ILLUMINATION 


1393 


clear globe lamps in the sockets would be quite objectionable. A deep panel reflector will remove 
this objection and prevent harmful glare. Under all ordinary conditions, deep bowl reflectors, 
covering the lamp down to 65 deg., give sufficient shielding for good eye protection. It is evi- 
dent that a glass reflector to be effective must not transmit too much light. The reflectors 
should be of prismatic construction or the glass should be of sufficient opacity to greatly reduce 
the amount of transmitted light. Ground glass or opalescent glass should not be used especially 
with gas-filled (Type C) Mazda lamps. 

Ge, Color Value. — The eye has developed under the stimulus of the light of 
the sun or white light as it is commonly called. The color of an illuminated body may be due 
to several causes. It is obvious that the color of an object will depend fundamentally upon that 
of the illuminating light; but since we are so accustomed to viewing objects by sunlight, in 
describing the color of an object the illumination is always assumed to be white light. White 
light or sunlight is then the normal light for ordinary illumination purposes. When artificial 
light sources are used, the light should approach white light as closely as possible. In churches, 
residences, theatres, and many classes of stores and factories, white light is not essential and 
the usual types of reflecting equipment are entirely satisfactory. On the other hand, white 
light is quite essential in establishments such as drygoods and clothing stores, millinery sh6ps, 
art galleries, furniture stores, florists shops, color-printing shops, hospitals, doctor’s offices, etc.^ 
or any place where color is an important factor in determining the value or condition of the object. 
In laying out a lighting system it 
is usually unnecessary to give much 
consideration to the color question, 
except to avoid colors that are dis- 
agreeable and injurious to the eyes. 

La many cases, as pointed out 
above, the shades, reflectors, and 
lamps should be carefully con- 
sidered in order that as near as 
possible white light may be secured. 

6/. Appearance.— 

The purpose of illuminating ob- 
jects is not merely to show their 
presence and to facilitate move- Fig. 6. 

ment, but also to arouse emotions ; 

that is, to create pleasurable and informative impressions on the human mind. In other 
words, the function of lighting is not narrowly utilitarian but it also has an esthetic value. 
^^Since it is the pattern made by rays of varying intensity and of varying color on the retina, 
calling up various reminiscences to our mind, that enables us to see, to understand what lies 
before us, it follows that the type of lighting that sets in motion the most powerful train of 
associative ideas is the one that may have greatest emotional effect ; but the intensity of the 
emotional effect is not proportional to the intensity of the light even though the intensity of 
that light may affect the clearness with which the different physical aspects of the object are 
discerned. The physical aspects are not always the most interesting features ; we are often 
more interested in the memories called up by the object.”^ Proper lighting is, therefore, of 
tremendous artistic importance, and the illumination engineer and the architect should jointly 
plan the lighting system so that the result may not be garish but artistic and harmonious. 

7. The Design of Lighting Systems. — In designing a lighting system the following process 
is usually followed: (1) the selection of the type of lighting system and lighting units, (2) cal- 
culation of the quantity and distribution of the light flux, and (3) determination of the location 
and size of lighting units. 

8. Types of Lighting Systems. — In general, the different lighting systems may be classed 
as direct, indirect, and semi-indirect. Although no definitions of these terms have been agreed 
upon, nevertheless, certain distinctions and characteristics are usually recognized as explained 
in the following articles. 

1 Lowell. Illuminating Engineering Praotioe. 
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Direct lighting is a term applied to a system of lighting in which the light is projected either directly or by 
means of a reflector mounted on the lamps in the direction of the objects to be illuminated. Any lamp enclosed 
in a ball globe or equipped with a glass ornamental reflector, arranged to reflect the light toward the object illumi- 
nated, is classified as direct lighting (lig. 7). The energy efficiency, measured in watts per foot-candle on illumi- 
nated surface, is highest in direct lighting. 

An indirect lighting system is one in which all the light is first reflected to the ceiling or walls from which it is 
again reflected to the plane to be illuminated. Before reaching the plane of illumination the light undergoes at 
least two and perhaps more reflections (Fig. S). Since some light is absorbed at each reflection, it is evident that 
the energy efficiency is comparatively low. 


A semi-indirect lighting system is a combination of the direct and indirect lighting systems. In this system 
a part of the light is projected or reflected directly upon the plane of illumination, but the greater part is directed 
to the ceilings or walls from which it is reflected to the proper plane. This is illustrated in Fig. 9. The diffusing 
bowls for semi-indirect lighting should be of such density that when illuminated they are no brighter than the ceil- 
ing. The energy efficiency of semi-indirect lighting is less than that of direct lighting. Indirect or semi-indirect 
lighting is nearly always the best for offices, schoolrooms, and many other types of work rooms. 

9. Local and General IllTiimnation. — Illumination may also be considered with reference 
to space lighted. We thus have local and general illumination. In 
local illumination, attention is given only to the objects or space to be 
illuminated without reference to the surroundings — as, for example, 
where a lamp is used over a desk. In general illumination the light is 
distributed over the surrounding objects as well as over a given particu- 
lar space. Local lighting should not be used by itself but only in com- 
bination with general illumination. 

10. Selection of Lighting Units. ^ — Whether gas or electric lamps 
shall be used will depend on local conditions. Both the electric in- 
candescent lamp and the gas mantle burners are^ adapted to the 
illumination of almost any kind of interior from the roughest to the 
most refined. For the illumination of certain types of offices and in- 
dustrial plants, the mercury vapor lamp is also available. The 
color of the light from the mercury vapor lamp is objectionable from 
an artistic standpoint although it has not been found harmful. It 
is especially well adapted for drafting rooms and the like. 

In choosing between the electric incandescent lamp and the gas 
mantle burner, the following factors will guide in the proper selec- 
tion: (a) relative cost per 1000 lumens at current' prices ; (h) relative 
convenience of control; (c) blacking of walls and ceiling by gas; (d) variation in pressure of 
gas and of voltage in electric supply; (<g)*the relative cost of glassware and mantle renewals; 
(f) no lighting unit should be chosen which does not permit the use of proper globe, shade, 
or reflector to secure the satisfactory, .distribution of light and does not satisfy hygienic 
requirements. ■ . >> 

^Principles of Interior Illumination by Cravath, Harrison and Pierce, Illuminating Engineering Practi’ce, pp. 
64 and (55. 




w 





Fig. 7. 



Fig. S. 
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Mazda lamps on the market are of two types, B and C (Fig. 10). The type B lamp differs from the type C 
lamp in that the bulb contains no gas and the filament of tungsten is not concentrated. The lamp is operated 
at lower brilliancy and hence is somewhat less efficient. The type C lamp also contains a tungsten filament, 
but this^ is usually in spiral or other concentrated form and the bulb contains some inert gas, such as nitrogen 
The two types are more accurately designated as vacuum and gas-filled tungsten lamps. The term Mazda is a 
trade name. 

,The vacuum tungsten lamps are supplied in either straight side or round bulbs for voltages of 110 to 125 and 
220 to 250 volts, Table 3. The light efficiency ranges from 7 5 lumens per watt for the 10- watt amp. to 10.6 lumens 
per watt for the 100-watt round bulb lamp. 



Fig. 10. 


The tungsten filaments of the gas filled lamps are mounted in’ pear shaped bulbs of clear and blue-green colored 
glass. The trade designation of the former is type C and of the latter, type C-2. The efficiencies of the type C 
lamps range from 11.5 lumens per watt for the 75-watt 110 to 125-volt lamp to approximately 18 lumens per watt 
for the 1000-watt lamp of the same voltage and class. The type C-2 lamps employ blue-green colored glass for the 
bulbs and are designed.for general illumination when approximately daylight color quality is desired. The total 
light output of the lamps is somewhat decreased by the absorption of the colored bulb. The luminous efficiencies 
are of the same order as those of the vacuum lamps. Recently there has been placed on the market a gas-filled 
lamp in an opalescent bulb, Fig. 11. 

The filaments of all gas-filled lamps nre intensely bright and hence should always be screened from the eye. 



Pig. 11. 


11, Quantity and Distribution of Light. — The range of possible illumination intensities for 
illumination varies from a fraction of a foot-candle to several thousand foot-candles. If the 
intensities are too low, however, it is impossible to distinguish detail, and thus there is a mini- 
mum intensity below which illumination is not satisfactory. There is not exact limit to the 
upper ranges but considerations of economy usually limit the intensities to the lower values 
for artificial illumination. Another consideration that determines the illumination intensity 
is the use and character of the room or space to be illuminated. It cannot therefore be said that 
certain illumination intensities will give the most satisfactory illumination under all conditions, 
but under the limitations mentioned above, they will give satisfactory results. Illumination 
intensities that will fulfiU these requirements for various classes of service are given in Table 4. 
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Table 4. — Recommended Illumination Intensities fob Different Classes of Service' 


1 

Class of service 

22 

Method of 
illumination 

33 

Suitable kind 
of lighting 

Intensity of illumination, 
foot-candles 

Armory 

G 

D 

2.0- 3.0 

Assembly room 

G 

D, SI, I 

0.5- 1.5 

Auditorium 

G 

D, SI, I 

1.0- 3.0 

Automobile show room 

G 

D, SI 

3.0- 6 0 

Ballroom 

G 

D, SI 

2.0- 5.0 

Bank, general 

G 

I, SI,D 

2.0- 3.0 

Bank, desk 

G, L 

D, SI, 

4.0- 6.0 

Barber shop 

G, L 

D, SI, I 

3.0- 5 0 

Billiard room; 




General 

G 

D, SI 

0.8- 1.5 

Tables 

L 

D 

6.0-10.0 

Bowling alley 

G. L 

D 

1.0- 2.0 

Bowling pins 

G. L 

D 

4.0- 6.0 

Cafe, general only 

G 

I, SI, D 

2.0- 4.0 

Cafe, with table lights 

G. L 

SI 

1.0- 2.0 

Card room 

G 

D 

2.0- 3.0 

Church 

G 

I. SI, D 

2.0- 3.0 

Corridors 

G 

D. SI 

0.5- 1.5 

Court room 

G 

D, SI 

2.0- 4.0 

Desk 

L 

D 

4.0- 6.0 

Drafting room 

G, L 

I, SI, D 

6.0-12.0 

Garage 

G, L 

D 

2.0- 3.0 

Gymnasium 

G 

D 

2.0- 4.0 

Hospital : 




Ward room, dim 

G 

I, SI 

0.2- 0.3 

Ward room, bright 

G 

I, SI 

2.0- 3.0 

Operating table 

L, G 

D 

15.0-25.0 

Hotel: 




Bedroom 

G, L 

SI, D 

1.6- 3.0 

Dining room 

G 

SI, D 

2.0- 4.0 

Dining room 

G, L 

SI 

1.0- 2.0 

Lobby 

G 

SI. D 

2,0- 4.0 

Library: 




Stack room 

L. G 

D 

1.5- 2.0 

Reading room 

G 

SI 

3.0- 4.0 

Reading room. 

G, L 

SI, D 

1.0- 1.5 

Office: 




Large 

G 

SI, D 

3.5- 5.0 

Large 

G, L 

SI. D 

1.6- 2.0 

Small (private) 

G, L 

SI, D 

3.0- 4.0 

Small, general 

G 

SI 

3.0- 6.0 

Residence: 




Hall 

G 

SI, D 

0.7- 1.0 

Parlor 

G 

SI, D 

1.0- 3.0 

Living room 

G 

SI, D 

1.6- 2.6 

Dining room 

G 

SI, D 

1.0- 3.0 

Library 

G, L 

SI, D 

1.6- 2.5 

Kitchen. . . 

G, L 

D 

2.0- 3.0 

Laundry 

G 

D 

1.6- 3.0 

Bathroom 

G, L 

D 

2.0- 8.0 

Bedroom 

G, L 

SI, D 

1.0- 3.0 

Store and furnace rooms 

G 

D 

0.4- 0.8 

Schools: 



Auditorium 

G 

SI, D 

2.0- 4.0 

Blackboards 

G 

SI, D 

3.0- 6.0 

Class rooms 

G 

SI, D 

8.0- 6.0 

Laboratories 

G 

SI, D 

3.0- 6.0 

Sewing rooms * 

G, L 

SI, D 

6.0-10.0 

Shop rooms 

G, L 

D 

2.0- 6.0 
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1 

Class of service 

22 

Method of 
illumination 

33 

Suitable kind 
of lighting 

Intensity of 

illumination, foot-candles 

Stores: 

Large department stores: 




Main floors 

G 

SI, I, D 

6.0-10.0 

Other floors 

G 

SI, I, D 

4.0- 7.0 

Stores of medium size: 


Book and stationery 

G 

SI, D 

3.0- 6.0 

Clothing. 

G 

SI, D- 

4.0- 7.0 

Drug 

G 

ST, D 

4.0- 6 0 

Dry goods - 

G 

SI, D 

4.0- 7.0 

Furniture 

G 

SI, D 

3.0- 5.0 

Grocery 

G 

SI, D 

3.0- 5 0 

Exclusive small storeg: 



Light goods : 

G 

SI, I, D 

6.0-10.0 

Dark goods 

G 

SI, I, D 

S. 0-12.0 

Small stores in general. 



Art , 

G 

SI, D 

5.0- 8.0 

Book 

G 

D. SI 

3.0- 6.0 

Bakery 

G 

D, SI 

3.0- 4.0 

Butcher 

G 

D, SI 

3.0- 4.0 

Cigar 

G 

D, SI 

4.0- 6.0 

Clothing 

G 

D, SI 

4.0- 7.0 

Confectionery 

G 

D, SI 

3.0- 5.0 

Decorator 

G 

D, SI 

4.0- 5.0 

Drug 

G 

D, SI 

3.0- G.O 

Dry goods 

G 

D, SI 

4.0- 7.0 

Florist 

G 

D, SI 

3.0- 4.0 

Furrier 

G 

D, SI 

5.0- 7.0 

Grocery 

G 

D, SI 

3.0- 4.0 

Haberdashery 

G 

D, SI 

5.0- 7.0 

Hardware 

G 

D, SI 

3.0- 4.0 

Hat 

G 

D, SI 

4.0- 6.0 

Jewelry 

G 

D, SI 

4.0- 6.0 

Millinery 

G 

D, SI 

4.0- 6.0 

Notions 

G 

D, SI 

3.0- 5.0 

Shoe 

G 

D, SI 

3.0- 4.0 

Tailor 

G 

D, SI 

4.0- 7.0 

Theatre: 



Auditorium 

G 

SI, D 

1.0- 3.0 

Moving picture, dim 

G 

SI, D 

0.1- 0.3 

Moving picture, bright 

G 

SI, D 

1,0- 2.0 

Station: 



Waiting room 

G 

D 

2.0- 3.0 


1 Holophane Works of Gen. Elec. Co., Engineering Dept., National Lamp Works of Gen. Elec. Co., F. A 


Vaughn and others. 

* In column 2, G means general and L means local illumination. 

* In column 3, D means, direct, SI semi-indirect and I, indirect lighting. 

* In column 4, the intensities of illuxnination are those recommended by various authorities. The illumina- 
tion intensities for general illumination are the average over the working plane. The values given for general 
and local illumination are those recommended for general lighting. 


12. Determination of Size and Location of Lamps. — When the type of lighting and the 
intensity of illumination has been decided upon, the next step is the determination of the exact 
size and location of the lighting units. The problems under this head are in general of two 
types: m., either local illumination of a certain intensity will be required while little considera- 
tion will be given to general illumination, or minimum and maximum intensities for general 
illumination are specified and little regard is given to local lighting. 
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In the problems of the first class, it is assumed that a certain number of foot-candles 
illumination is desired at a particular point. Such problems are solved by what is known as 
the ^ ‘ point-by-point ' ’ method of illumination calculation. The general principles of the method 
are as follows: In Fig. 12, let 

Cp - candle power of lamp in the direction from lamp to T. 
h == height in feet of lamp above the plane of illumination. 

I = distance in feet of point T from lamp. 

Ih = illumination intensity in foot-candles on horizontal plane at T. 

Iv — illumination intensity in foot-candles on a vertical plane. 

Then the illumination in foot-candles at point T on plane TB 

Ct) 

Illumination = foot-candles 


Since the plant TB makes an angle with the plane of illumination, the intensity of illumination 
on plane AT at point T is 


Ih = 


Cp 


cos ^ foot-candles 


The candle power of the lamp in the direction of T is taken from the photometric or candle 
power distribution curve. As this is usually plotted for 5-deg. values of 0, and as h is fixed, 
it is more convenient to express the illumination intensity on the horizontal plane at T in 
terms of Cp, /i, and cos 4>. Thus, 

cos^ 4 > 

Ih = — ^ cos <f> 
cos 2 <l> 

= cos» 4> 


In exactly the same way the illumination 


B 




/\ / 


Plane of i/fumlnaf Ion w 


T 


Fig. 12. 


intensity on a vertical plane can be calculated from 
the equation 

Iv ain3 ^ 

where s is the horizontal distance from the point 
T to the vertical dropped from the lamp, or T A 
(see Fig. 12). 

The candle powers to be substituted in the 
above formulas are taken from the distribution 
curves in the particular direction. They are not 
the nominal rated candle power of the light 
souroe. To facilitate calculation, values of cos^ ^ 
for degree intervals are given in Table 5. The 
process explained above may, however, be reversed 
- and the size of lamp required to give a certain 
assumed illumination intensity for local illumina- 
tion be calculated. Thus, if 1 is given, we have 


Cp 


cos® 


That is, the candle power in the desired direction is obtained by multiplying the illumination 
intensity on the horizontal plane by — position of the illumination plane is not 

specified, the result will be approximately correct if the illumination intensity in foot-candles 
is multiplied by the square of the distance, in feet, of the point to be illuminated from the 
lamp. By comparing the candle power thus calculated with the candle power curves of lamps 
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Table 5. — Table op Cos^ and Sin^ 



sin <i> 

sin* (j> 

cos <i> 

cos* <f> 

<l>^ 

sin <j> 

sin* <i> 

cos 0 

cos*<^ 

0 

0.0000 

0.0000 

1.000 

1.000 

43 

0.GS2 

0.317 

0.731 

0.391 

1 

0.0175 

0.0000 

1.000 

1.000 

44 

0.695 , 

0.335 

0.719 

0.372 

2 

0.0349 

0.0000 

0.999 

0.998 

45 

0.707 

0.354 

0.707 

0.354 

3 

0.0523 

0.0001 

1.999 

0.996 

46 

0.719 

0.372 

0.695 

0.335 

4 

0.0698 

0.0003 

0.998 

0.993 

47 

0.731 ^ 

0.391 

■ 0.682 

0.317 

5 

0.0872 

0.0007 

0.996 

0.989 

48 

0.743 

0.410 

0.669 

0.300 

6 

0.105 

0.0011 

0.995 

0.9S4 

49 

0.755 

0.430 

0,656 

0.282 

7 

0.122 

0.0018 

0.993 

0.978 

50 

0.7C6 

0.450 

0.643 

0.266 

8 

0.139 

0.0027 

0.990 

0.971 

51 

0.777 

0.469 

0.629 

0.249 

9 

0.156 

0.0038 

0.988 

0.964 

52 

0.788 

0.489 

0.616 

0.233 

10 

0.174 

0.0052 

0 . 9S5 

0.955 

53 

0.799 

0.509 

0:602 

0.218 

11 

0.191 

0.0069 

0.982 

0.946 

54 

0.809 

0.530 

0.588 

0.203 

12 

0.208 

0.0090 

0.978 

0.936 

55 

0.819 . 

0.550 

0.574 

0.189 

13 

0.225 

0.0114 

0.974 

0.925 

56 

0.829 

0.570 

0.559 

0.175 

14 

0.242 

0.0142 

0.970 

0.913 

57 

0.839 

0.590 

0.545 

0.162 

15 

0.259 

0.0173 

0.966 

0.901 

58 

0.848 

0.610 

0.530 

0.149 

16 

0.276 

0.0209 

0.9G1 

0.8S8 

59 

0.857 

0.630 

0.515 

0.137 

17 

0.292 

0.0250 

0.956 

0.875 

60 

0.8G6 

0.650 

0.500 

0.125 

18 

0.309 

0.0295 

0.951 

0.860 • 

61 

0.875 

0.669 

0.485 

0.114 

19 

0.326 

0.0345 

0.046 

0.845 

62 

0.883 

0.688 

0.470 

0.103 

20 

0.342 

0.0100 

0.940 

0.830 

63 

0.891 

0.707 

0.454 

0.9036 

21 

0.358 

0.04GO 

0.034 

0.814 

64 

0.899 

0.72G 

0.438 

0.0842 

22 

0.375 

0.0520 

0.927 

0.797 

65 

0.906 

0.744 

0.423 

0.0755 

23 

0.391 

0.0596 

0.921 

0.780 

66 

0.914 

0.7C2 

0.407 

0.0673 

24 

0.407 

0.0G73 

0.914 

0.762 

67 

0.921 

0.780 

0.391 

0.0597 

26 

0.423 

0.0755 

0.906 

0.744 

68 

0.927 

0.797 

0.375 

0.0526 

26 

0.438 

0,0843 

0.899 

0.726 

69 

0.934 

0.814 

0.358 

0.0460 

27 

0.454 

0.0936 

0.891 

0.707 

70 

0.940 

0.830 

0.342 

0.0400 

28 

0.470 

0.104 

0.883 

0.688 

71 

0.946 

0.845 

0.326 

0.0345 

29 

0.485 

0.114 

0.875 

0.669 

72 

0.951 

0.860 

0.309 

0.0295 

30 

0.500 

0.126 

0.866 

0.650 

73 

0.956 

0.875 

0.292 

0.0250 

31 

0.515 

0.137 

0.857 

0.630 

74 

0.961 

o.sss 

0.276 

0.0209 

32 

0.530 

0.149 

0.848 

0.610 

75 

0.966 

0.901 

0.259 

0.0173 

33 

0.545 

0.1C2 

0.839 

0.590 

76 

0.970 

0.914 

0.242 

0.0142 

34 

0.559 

0.175 

0.829 

0.570 

77 

0.974 

0.925 

0.225 

0 0114 

35 

0.674 

0.189 

0.819 

0.650 

78 

0.978 

0.936 

0.208 

0.00899 

36 

0.588 

0.203 

0.809 

0.530 

79 

0.982 

0.946 j 

0.191 

0.00695 

37 

0.602 

0.218 

0.799 

0.509 

SO 

0.985 

0.955 

0.174 

0.00524 

38 

0.616 

0.233 

0.788 

0.489 

81 

0.988 

0.664 

0.156 

0.00383 

39 

0.629 

0.249 

0,777 

0.469 

82 

0.990 

0.971 

0.139 

0 00270 

40 

0.643 

0.266 

0.766 

0.450 

83 

0.993 

0.978 

0.122 

0.00181 

41 

0.656 

0.282 

0.755 

0.430 

84 

0.996 

0.984 

0.105 

0.00114 

42 

0.669 

0.300 

0.743 

0.410 

85 

0.996 

0.989 

0.0872 

0.0006 


Table 6. — Percent Increase in Illumination 


Color of ceiling 

Color of walls 

Increase over 
calculated illumination 

Very dark 

Very dark 

0 per cent 

Medium 

Very dark 

15 per cent 

Medium 

Medium 

40 per cent 

Very light. 

Very dark 

30 per cent 

Very light 

Medium 

35 per cent 

Very light. 

Very light 

SO per cent 
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of different sizes, the proper lamp can be selected. If photometric curves for all sizes of lamps 
are not available, the proper size can usually be calculated with sufficiently close approxima- 
tion from curves of one size of lamp. 

It is evident that the illumination calculated by above formulas does not consider the 
influence of the light reflected from walls and surrounding objects. The increase in illumination 
produced by this reflected light is impossible to determine in advance, as it depends upon the 

size of the room, type of reflectors,' 
color, and condition of the walls and 
ceiling. The approximate percent 
increases are indicated in Table .6. 

jniustrative Problem. — The photome- 
tric curve (Fig. 13) is for the type of light 
source that has been selected for a given 
installation. The lamp is a 100-watt vac- 
uum tungsten lamp. What size lamp 
must be used to give an illumination of 4 
foot-candles at a distance of 8 ft. from the 
light source and at an angle of 25 deg. with 
the vertical through the lamp? The color 
of the ceiling is very light and the walls 
medium. 

Table 6 shows that the increase in 
illumination for very light ceilings and 
medium walls is about 35 %. Hence, the 
direct illumination will be about 3 foot- 
candles and that due to reflection, 1 foot- 
candle. The candle power of the lamp in 
the direction desired is then 
Cv « (3) (8) 2 « 192 

Curve (Fig. 13) shows the 100-watt lamp 
emits 129 candle power at an angle of 26 
dW- with the vertical, hence, the lamp 
required is 


Most of the illumination problems are, however, of the second type, viz., those requiring a 
certain average general illumination. These problems are most readily solved by the flux-of- 
light method of illumination calculation. The process consists in first determining the illu- 
mination desired on the working plane, and also assuming the spacing of the lamps such as to 
give a reasonable degree of uniformity. 

The next step is the calculation of the 
total light flux in lumens required to be 
generated by the lamps. This is obtained 
by the simple formula Lumens — 

Area (sq. ft.) X intensity (ft.-candles) 
coeScieht of utilization 
or 

k 

where A is the area of the working plane, 

I is the desired illumination intensity, and k is the coefficient of utilization as given in Table 1. 
In applying the foregoing formula the important thing is to select the proper value of fc, due 
allowance being made for dirt and age of lamp. The 4epreciation caused by dust is shown by 
curves in Fig. 14. If opaque reflectors are used, h can be determined for most large interiors 
from the distribution curve of the lamp and reflector by dividing the total lumens emitted by the 
lamp by the lumens emitted in the zone from 0 to 70 deg. For smaller rooms, a smaller zone 
should be used. 



Elapsed TilTrie In Weeks 
Fig. 14. 
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When the total number of lumens required are determined, there remains the determina- 
tion of the size of the lamps and their location. These two are interrelated quantities, for the 
number of outlets is determined by the architectural features of the room, such as the ceiling 
panels, and considerations of symmetry. The ideal condition is when the ceiling is divided into 
a number of squares with an outlet at the center of each square. Frequently such an arrange- 
ment is impossible; nevertheless, long and narrow rectangles should be avoided. Th size of 
squares that may be used with direct lighting is given in Table 7.^ 


Table 7. — Desibablb Sizes op Sqtjaeeb — Dibect Lighting 




Desirable 

Kind of room 

Ceiling height 

length of 


(feet) 

side of square 



(feet) 

Armories, auditoriums, churches, public halls, restaurants, etc / 

12-16 

12-16 

1 

Over 16 

15-26 

r 

8-11 

8-11 


11-15 

Over 15. 

10-16 

14-22 

Offices, libraries, school rooms, drafting rooms, etc.: 



With additional desk lamps 

10-20 

12-18 

f 

9-12 

7-11 

Without additional desk lamps { 

12-16 

9-14 

\ 

Over 16 

11-18 


Note.— It is desirable not to use the largest size square with the smallest ceiling height j 

The most satisfactory spacing of out- 
lets for indirect and semi-indirect lighting 
depends largely upon the ceiling height. 

The distance between outlets should not be 
greater than approximately 1% times the 
height of the ceiling above the working 
plane. The exact distance in any case will ^ 
be determined by local conditions. In draft- 
ing rooms and offices where close work is £ 
performed, the spacing should be less. Fig. s 
15^ shows the best spacings that are required g 
together with the best drop from the ceil- 6 
ing. Fig. 16^ shows the widest spacings ^ 
permissible. ^ 

Illustrative Problem. — It is desired to design a 
lighting system for a large office room, 50 X 100 ft. 
and 15 ft. high. The ceUings are white or very light, 
and the walls greenish gray, medium. 

Assuming no local lighting, the system should be 

designed to avoid glare, hence, due to the size of the "0 2 A 6 S 10 12 M- 16 

room an indirect system is selected. By Table 4, the McixiTnum Distance Between Units in Feet 

illumination intensity for large offices ranges from 4 to ■ p i e; 

8 foot-candles. Assume 6 foot-candles. 

Ratio of room width to ceiling heigth = ^ — 2.5, use 3 



I m— I MIW H 


= 2.5, use 3 


' 91,000 nearly 


Then by Table 1 for mirrored glass reflector and for medium walls, the coefficient of utilization is 0.33 
Total lumens = = 91,000 nearly 

Allowing 25 % for the dimming effect of dust and depreciation of lamps, the total lumens necessary is 120,000 
1 General Electric Handbook. 
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According to chart Fig, 15, the spacing for a 20-ft. ceiling is 17 ft. If architectural features permit, the lamps 
may be located as indicated in Fig. 17. If columns or other features interfere, adjustments must be made. This 
will necessitate 18 outlets. The lumens per outlet are 
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120,000 

IS 


= 6679 


Maximum Dstance Between Unit* In Feet 

Fig. 16. 


Reference to Table 3 shows that a 400- 
watt Mazda type C lamp generates 6150 
lumens and a 500-watt lamp of same type 
generates S050 lumens. If the reflectors and 
ceilings are kept clean, the 400-watt lamp 
may be used. If the office is in a location 
where dust and soot rapidly accumulate, the 
500-watt lamp should be used. 

Illustrative Problem. — It may be of in- 
terest to note the influence of the height of 
the room. Suppose all conditions the same 
as in the preceding illustrative problem but 
the ceilings only 15 ft. high. How many out- 
lets and what size of lamp will give satisfactory 
results? 


Use indirect system as before. 


Use 6 foot-candles for illumination intensity. 

50 

Ratio of room width to ceiling height “ Ys ~ ^ 

Reference to Table 1 for mirrored reflector shows the coefficient of utilization equal to 0.33 for a room 50 ft. 
square. Ratio of width to ceiling height 
100 

for a room 100 ft. square is = 6^^, use 

5. Coefficient of utilization for this ratio 
is 0.39. The coeflicient of utilization for 
a room 50 X 100 ft. is then 

0.33 -h 13^(0.39 + 0.33) = 0.35 
_ , , , (50)C100)(6) 

Total lumens = — 
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Fig. 17. 


86,000, nearly 

.Assuming as before 25 % for depreciation 
due to dust and falling off in lamp output, 
the total number of lumens necessary is 
114,500. 

The spacing according to Fig. 15 
should he 11 ft. Considerations of sym- 
metry necessitate a modification of this 
spacing. The outside rows of lamps may 

be placed 5.5 ft. from the walls, and the two end rows, 6 ft. from the walls. Across the room the lamps may be 
spaced 13 ft. and lengthwise, 11 ft. There will then be 4 rows, 9 outlets per row, or 36 outlets in all. 

Since 114,500 lumens are required, 

lumens per outlet equals 

^ - aaso 

Reference to Table 3 shows that 200- 
watt type C lamps give 2920 lumens, 
hence they would undoubtedly prove 
satisfactory. 

Illustrative Problem. — Assume a 

small drygoods store 25 X 50 ft., and 12 
ft. high. Ceiling is white, walls dark. 
How many and what size lamps should be 
used? 

Referring to Table 4, the illumina- 
tion intensity is found to be 4 to 7 foot- 
candles. Assume 5 for moderate lighting 
and assume a semi-direct lighting 
system. 

Ratio of width of room to ceiling height * ^2 ^ ^ 25-ft. square room and =" 4 for a 100-ft. square 

room; use 5 in the latter case. The coefficient of utilization for a light ,opal reflector, light ceiling and dark walls is 

0.32 + HC0.44 - 0.32) = 0.36 

Lumens required = ” 17,400 
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Assuming a depreciation of 25 % the lamps will have to generate 23,250 lumens. Table 7 shows that a spacing 
of 12 ft. is approximately correct. This will necessitate two rows of 5 lamps each, or 10 lamps in all. The number 
of lumens per outlet is 23,250 10 = 2325, and 150 type C Mazda lamps 'vvuU undoubtedly prove satisfactory. 

Illustrative Problem. — A large clothing store, Fig. lS,i is to be lighted. Calculate the number and size of 
lamps required. Dimensions: front part of store, width, 60 ft. and length, 78 ft. rear portion of the store, width, 
55 ft., and average length, 55 ft. The color of the ceiling is a light cream and of the walls, dark. 

Ratio of width to ceiling height ~ “ 'if nearly, for the front part and ^ = 3 + for the rear. Assume 3 

as the average. 

A direct lighting system of the type represented by 9, Table 1 was selected. The coefficient of utilization is 

k = 0.34 4- H(0.41 - 0.34) = 0.37 
The total area of the store is (60) (78) + (55) (55) = 7705 sq^ ft. 

Lumens = = 167,000 

Assuming a depreciation of 16 %, the total lumens necessary is ” . .... , 


167,000 

0.84 


198, 600 


13 . Lighting Accessories.^ — By lighting accessories are meant the equipment, such as 
reflectors, shades, globes, and other devices for modifying and controlling the light emitted by 
lamps. The usual functions of such devices are to redirect the light ; to diffuse the light; to inter- 
cept the light in certain directions; to modify the hue of the light; and to protect the light source. 
These functions will have different degrees of importance in different installations, hence it is 
evident that to fulfill all conditions of use, the number and variety of designs of lighting acces- 
sories is very great. Although there is no exact line of demarkation between the light control- 
ling accessories, nevertheless, they may be considered under three separate headings: reflectors, 
shades, and globes. 

1 Bui., Fundamentals of Illumination Design, Eng. Dept. National Lamp Works of Gen. Elec. Co. 

2 Little, Illuminating Engineering Practice, p. 183. • 



The floor plans show that the ceiling is divided into 21 bays which practically fix the location of the outlets. Lamps 
may be conveniently looat(^d in 20 of these bays, hence;- the* lumens per lamp are 198,600 -f- 20 = 9930. 

From the viewpoint of good vision, 500-watt' type C lamps would furnish enough light. In this instance, 
brilliant illumination was the determining factor and 750-watt lamps were used. Fig. 19 shows the installation. 


/Fiq. 19. 
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13a. Reflectors. — All accessories reflect more or less light, but the term reflector 
is applied to that class of lighting accessories whose function it is to redirect the greater per- 
centage of the light incident upon it. Reflectors may be made of metal, porcelain, or glass; 
with polished or mirrored surfaces, or of prismatic form. Reflectors may further be sub- 
divided into two classes — concentrating and distributing' Sometimes three classes are listed — 



focusing, intensive, and extensive. These 
names are self-explanatory as they have refer- 
ence to the degree of light distribution by the 
reflector. Fig. 20 shows two forms of aluminum 
finished metal reflectors of the concentrating 
and distributing types. 

Porcelain enameled reflectors are made of steel, the 
reflecting surface being coated with porcelain enamel. 
This enamel coating should be dense so that as little light 
as possible penetrates to the steel, for all light that pene- 
trates to the steel is absorbed. For industrial lighting, 
several manufacturers have placed on the market a porce- 
lain enameled reflector designated as the R. L. M. Stan- 
dard. The specifications of this type of reflector have 
been worked out jointly and this label is a guarantee 
that the reflector is up to the accepted standard in size, 
finish, screening angle, and finish of the reflecting surface. 

Mirrored glass reflectors are made of clear glass 
blown in the proper shape, on the reflecting surface of 


which is spread a thin layer of silver. This layer is then protected by a thin coating of enamel: To prevent the 
formation of brilliant images of the lamp filament or striations on the illuminated surface, the reflector surface is 


corrugated (Fig. 21). 


Prismatic Reflectors . — If a ray of light in passing through glass is incident on the surface 
opposite to that at which it is entered at an angle greater than the critical angle for that kind of 
glass, it will be totally reflected. This is the principle of the prismatic reflector. The inner 


surface is usually smooth or lightly 
ground while the outer surface is 
formed into prisms. These prisms are 
made of such an angle that most of the 
incident light is reflected. Since it is 
mechanically impossible to construct 
a prismatic glass reflector so that all 
of the light emitted by the lamp will 
be incident at the proper angle for 
total reflection, some light passes 
through. This light is diffused and the 
bright filament of the lamp is well 
screened from the eye when viewed 
through the reflector. These reflectors 
together with their distribution curves 
are shown in Fig. 22. 

Reflectors are also made of opal glass. 
By the proper selection of thickness and 
densities, varied effects may be secured. The 



dense opal accessory when properly shaped 


may produce an excellent reflector so far as light control is concerned. These accessories may be made thin 
and thus transmit considerable light, or thick and transmit comparatively little. The diffusing properties are 
rather good especially where the surfaces are somewhat roughened. The characteristic candle power curves for 
bowl reflectors of opal glass are shown in Fig. 23. 


136. Globes and Shades. — Globes and shades are suitable only for shading and 
diffusing the light. They are made in a great variety of forms and designs and are usually 
made of some kind of glass, opal, cased, roughed and etched crystal and alabaster. 
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14. Choice of Accessory. The type and size of lamp used in any installation determines 
the type of reflector required because of the different efficiencies and distribution curves. The 
type of reflector to be used cannot be determined on the energy efficiency basis alone ^ other 
factors, such as ease of maintenance and absence of characteristics producing eye strain, must 
also be considered. A shallow |>owl 
reflector should not^be used with the 

general principles of illumination de- Asymwefnc Cbncenfriaff/^ Disfribufing 

sign described in the preceding sec- 
tions apply in office lighting but the 
relative importance of the several 
factors is not the same. The matter 
of first importance in office lighting 
are sufficient and uniform illumina- 
tion, absence of glare, and efficient 
utilization of light. The artistic fac- 
tors should be considered, but the 
hygienic factor should take precedence. 

15a. Location and 
Number of Lighting Units. — In many Fig 22. 

cases, the constructional features of 

the ceiling of the ofiSce will determine the number and location of lighting units. In the case 
of offices built to rent, the lamp outlets should be located in such a way that if the offices are re- 
modeled to suit the requirements of a new tenant, they may still be usable. This consider- 
ation in many cases will necessitate a greater number of outlets than the existing lighting 

conditions require. Fig. 24 shows 
how an office with 6 lighting units 
may be divided into two offices and 
m li a provided with adequate 

outlets. Sometimes it may be 
^ ^ / desirable to wire locations where it 

pressed glass Blomi gfa$» ^ . 

IS thought umts may at some future 
time be desirable, but to seal the 
wires beneath the plaster until 
required. 

One of the most important con- 
siderations in office lighting is the 
elimination of glare. From a study 
of the light distribution of units, 
fairly definite rules have been 
formulated for the size of units and 
their spacing both with reference to 
each other and with reference to 
the walls. The application of such 
Fig. 23. rules involves the width and length 

of the room to be lighted, the height 
of the ceiling, and the height at which the sources can be located above the working plane. In the 
case of indirect or semi-indirect lighting, the height of the light source above the working plane 
is the height of the ceiling above the desk and table tops. The distance between the lamp and 

1 Lighting of OflScea and Drafting Rooms, Engineering Department National Lamp Works of General Electric 


Pi-essed glass 


BIo*m gfa$» 
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ceiling in case of indirect and semi-indirect lighting is determined largely by considerations of 
appearance; nevertheless, there are certain 


limits which may be noted. The lamps 
should not be placed so near the ceilings 
that the corners appear objectionably dark, 
nor should the lamps be hung so low that 
light is directed to the walls. Between 
these limits variations in hanging height 
affect the efficiency of the installation very 
slightly. The recommended ratios of 
spacing to height of light source for satis- 
factory office illumination are given in 
Table 8. The significance of the several ^ 
symbols is exemplified by the diagram be- ^ 
low the table. The principles of Table 8, J 
are perhaps more readily applied by the 
aid of diagrams, Fig. 25, whose application 
will be readily understood from the 
following illustrative problem. 


-fc ^ 


Nur77ber^of rm'B 
reguired for room of 
given width 


bmitfhg cffshjxei 
outside units 
to mf// 


1 

1 1 

1 




^ n 

n 

[ 

Q 


J 


n 

Q 

n 





J 




20 . AQ 60 80 100 

Width or Length of Office in Feet 



Fig. 24. 


20 40 60 , ao 

Width or Length of Office in Feet 

Fig. 25. 


Table 8. — Maximum Ratios of Spacing to Height op Light Source for SATiSFACTORif 

Office Illumination 



System 

Idmits for 
one row 
of units 

A 

li 

Twimits for more than 
one row of units 

i? 

// 

a 

H 

Indirect 

1 . 3 

,5 

0 

Dense semi-indirect* 

1.2 

1.5 

0.6 

Direct semi-enclosing. 

1,1 

1.4 

0.5 

Direct dense opal i 

1.1 

1.4 

0.6 


* With indirect or semi-indirect the ceiling is considered the light source. 


Feet Feet Feet 
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Illustrative Problem. — It is necessary to design a lighting system for an office 20 X 40 ft. wdth 15-ft. ceiling. 
The ceiling is light but the walls are of moderate reflecting power, medium color. A totally indirect lighting system 
IS to be used. 

Assuming the working plane to be 30 in. {2^1. ft.) from the floor, if = 15 - 2H = ft. According to the 
chart the number of rows of lamps for an office 20 ft. wide is 2, and for an office 40 ft. wide, the number of rows 
is 3. According to the small chart at the right, the maximum distance the units should be from the w’all is 7 ft. 
The number of units for uniform illumination is 6, two rows of three lamps zach. The lamps may be located 5 ft. 
from the side walls and 10 ft. apart across the room, and 6 ft. from the end w'alls and 14 ft. apart lengthwise of 
the room. Table 4 gives 3.5 to 5 ft. -candles as desirable illumination intensity for a general office. Assuming 
5 ft.-candles for the illumination intensity, the lumens required are 

rumens = = 13,800 

U.2d 

Assuming a depreciation of 25% the total number of lumens necessary is 

^(13,800) = 18,400 

Since there are 6 units, each will have to generate 18,400 0 = 3100 lumens, approximately. The 200-watt 

type C lamps generate 2920 lumens and should therefore prove sati.sfactory. If daylight illumination is desired. 
300-watt type C-2 lamps should be used. 

16. Industrial Lighting. — “Insufficient and improperly applied illumination is a prolific 
cause of industrial accidents.”^ To prevent these accidents as well as to protect the eyes from 
the injurious effect of improperly applied illumination, many states have legislation pro- 
vided that the industrial commission, or other bodies, fix standards of illumination and formu- 
late rules relative to the enforcement of such standards. These rules are primarily concerned 
with the insidious effects of dim illumination, of glaring light sources, of flickering light, of sharp 
shadows, of glare caused by reflected light from polished surfaces, etc. 

For satisfactory illumination by artificial light, the Industrial Commission of Wisconsin 
specifies that the light shall be supplied and maintained in accordance with Table 9. 

A more detailed tabled of illumination intensities has been compiled by C. E. Clewcll from 
various authoritative sources. These data are given in Table 10. 


Table 9. — Illumination Intensity at the Wore: in Foot-candles 



Minimum 

permissible 

intensity 

Ordinary 

practice 

(a) Roadways and yard thoroughfares 

0.02 



0.25 
* 0.25 

0 6 to 1.0 

(c) Stairways, passageways, aisles 

0.75 to 2.0 

(d) Toilets and washrooms 

0.5 

1.5 to 3.0 

(e) Rough manufacturing such as rough machining, rough assembling, rough 
bench work, foundry floor work 

1.25 

2.0 to 4.0 

Cf) Rough manufacturing involving closer discrimination of detail 

2.0 

3.0 to G.O 

(ff) Fine manufacturing such as fine lathe work, pattern and tool making, 
light colored textiles. 

3.0 

4.0 to 8.0 

(A) Special cases of fine work, such as watch making, engraving, drafting, 
dark colored textiles 

5.0 

10.0 to 15.0 

(i) Office work such as accounting, typewriting, etc 

3.0 

4.0 to 8.0 


Note. — The minimum foot-candles specify the lowest illumination intensity with which the employes can 
be expected to work with safety when artificial light is used. It is to the advantage of the employer to provide 
the intensities of ordinary practice, as this results in less eye strain, greater accuracy of workmanship, increased 
production for the same labor cost, less spoilage. When part daylight and part artificial illumination must be 
used together, it is desirable to employ even higher intensities than those of ordinary practice in the table above. 

In order that the illumination intensities will never fall below the minimum during the interval between inspec- 
tions, installations should be designed to produce initial values at least 25 % higher. 

1 Industrial Commission of Wisconsin. 

2 C, E. Clewell, Lighting of Factories, p. 530, Illuminating Engineering Practice. 
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Table 10. — Intensities of Illumination Recommended for Various Classes op Work 


Foot-candles 

Bakery 2.0 - 3.0 

Bench, work: 

Rough 1.5 - 5.0 

Fine 3.5 -10.0 

Box factory 2.0 — 4.0 

Book binding: 

Cutting, punching, stitching 3.0 — 5.0 

Embossing 4. 0-6.0 

Folding, assembling, pasting 2.0 — 4.0 

Candy factory 2. 0-4.0 

Canning plants: 

Coffee roasting at tables 3.0 — 4.0 

Filling tables 1.0— 1.5 

Packing tables 1.0 — 2.0 

Packing tables (dried fruits) 1.5 — 2.5 

Preserving cauldrons 2.0— 2.5 

Pressing tables 1.0— 1.5 

Shipping room 1.5-2. 5 

Cotton mill -weaving . •• 2.0— 4.0 

Dairy or milk depot 2.0 — 4.0 

Drafting room 7.0 

Electrotyping 3. 0-6.0 

Factory: 

Assembling ' 4. 0-7.0 

Drills 2.0 -4.0 

Millers 3.0 -6.0 

Planers ... . 3. 0-5.0 

Rough manufacturing 1.25— 3.0 

Fine manufacturing 3.5 — 6.0 

Special cases of fine work 10.0 —15.0 

Forge and blacksmithing: 

Ordinary anvil work 2.0 — 4.0 

Machine forging 2.0— 3.0 

Tempering 2. 0-4.0 

Tool forging 3.0 — 5.0 

Foundry: 

Bench moulding 1.0 — 3.0 

Floor moulding 1.0 — 2.0 

Garment industry: 

Light goods 3.0 

Dark goods 7.0 

Glove factory: 

Cutting 5.0 - 6.0 

Sorting 6.0 -10.0 

Hat factory: 

Blocking 4.0 — 6.0 

Forming 3.0 - 5.0 

Stiffening 2.0 — 4.0 

Jewelry manufacturing 3.0 — 8.0 

Knitting mill 3.0 — 6.0 

Laundry • 3.0 — 5.0 

Leather working: 

Cutting 4.0 - 6.0 

Grading 6. 0-8.0 

Meat packing: 

Cleaning 2.0 - 3.0 

Packing 2.0 - 4.0 

Offices 3.0 

Packing and shipping: 

Ordinary work. 2.0 - 3.0 

Fine work. 2. 0 - 5. 0 
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Paint shop: 

Coarse work (first coats) 2.0 - 4.0 

Fine work (finishing) 4.0 — 8.0 

Passageways 0.25- 0,5 

Pattern shop (metal) 4.0 — 6.0 

Pottery : 

Grinding 1.0 - 2.0 

Pressing 2.0 - 4.0 

Power house: 

Boiler room 0.8 — 1.5 

Engine room 2.0- 3.5 

Preserving plant: 

Cleaning 2.0 - 4.0 

Cooking 2.0 - 3.0 

Printing: 

Presses 3.0 — 5.0 

Type-setters 6. 0-8.0 

Sheet metal shop: 

Assembling 2.0 — 4.0 

Punching 3. 0-6.0 

Shoe shops: 

Bench work 2.0 — 5.0 

Cutting 5.0 -7.0 

Silk mill: 

Finishing 3.0 - 5.0 

Weaving 4.0 - 6.0 

Winding forms i 2.0— 4.0 

Stairways 0.25- 0.5 

Steel work: 

Blast furnace (cast house) 0.3-0. 5 

Loading yards (inspection) 0.3-0. 5 

Mould, skull cracker and ore yards 0.1-0. 3 

Open hearth floors (soaking pits and cast house) 0.1 — 0.3 

Rolling mills 1.0 - 2.0 

Stamping and punchirfg sheet metal 2.0 — 5.0 

Stockroom 0. 8-2.0 

Threading floor of pipe mills 1. 0-2.0 

Transfer and storage bays 0. 5-1.0 

Unloading yards 0.1 -0.3 

Warehouse 0.5 - 1.0 

Stock rooms: 

Rough materials 1.0 — 3.0 

Fine materials ‘ 2. 0-4.0 

Storage 0 . 25- 0 . 5 

Wire drawing: 

Coarse 2. 0-4.0 

Pence machines 2.0 - 5.0 

Fine 4.0 - 8.0 

Wood working: 

Rough 2.0 - 4,0 

Fine , 3.0 - 5.0 

Woolen mill: 

Picking table 2.0 - 4.0 

Twisting 2.0 - 3.0 

Warping 3.0 — 5.0 

Weaving 4.0- 0.6 


16a. Height of Lamps. ^ — The rules for mounting height given in preceding 
sections also apply in industrial lighting. It may, however, be stated that for direct lighting, 
the lamps should be mounted as high as possible. The chief exceptions to this rule are those 
cases where the ceiling is very high relative to one dimension of the floor and where beams, belt- 
ing, or the like obstruct the light at some distance below the ceiling. 

1 Industrial Lighting Code — Industrial Commission of Wisconsin. 
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There are two chief advantages of mounting lamps as high as possible: (1) wide spacing of lamps with equally 
good distribution of light;' and (2; the lamps are less likely to come within the direct range of vision, and hence 
are less likely to be a source of eye fatigue and eye strain to the W’orker. 

166. Spacing and Size of Lamps. — To facilitate the design of lighting systems, 
the chart (Tig. 26) was prepared by Arthur J. Sweet, and is included in the Wisconsin Industrial 
Lighting Code. The left-hand portion of the chart is for determining the spacing of the light- 
ing units and the right-hand portion for determining the size of lamps. The illumination plane 
on which the curves are based is assumed to be 3 ft. above the floor but the data are sufficiently 
accurate for a working plane ft. above the floor. In using the chart the first step is to 
assume the mounting height of the light source above the -working plane. Assume this to be 
12J-3 ft. for a particular case. Referring to the left portion of the chart, the fine vertical line 
corresponding to 12 3 -^ ft. is followed to its intersection with the horizontal lines. Following the 



horizontal lines from the points of intersection to the vertical or spacing scale, it is found that 
the minimum spacing is 11 ft. and the maximum spacing is 17 }4 ft. The best spacing will be 
the minimum of these values, namely, 11 ft. The exact spacing to be used in any case will 
depend upon the architectural features of the interior and the character of the work. If the 
work is of an exacting or close character, the spacing should approximate the lower limit. If 
the work is not of an exacting nature a wider spacing may be employed. If the factory building 
has bays 22 X 26 ft., the spacing should be 11 ft, in one direction and 13 ft. in the other direc- 
tion, the average spacing being 12 ft. If the illumination intensity required is 4.00 foot-candles, 
then referring to the right-hai-id portion of the chart, the horizontal line corresponding to a 
spacing of 12 ft. is follo-wmd to its intersection with the curve representing 4.00 foot-candles. It 
is found that this occurs in the band representing the 100-watt lamp. This means that if the 
mote efficient types of reflector be employed, the 100-watt lamp on an 11 X 13-ft. spacing will 
produce an average illumination slightly greater than 4.00 foot-candles. If, however, the less 
efficient types of reflector be employed, the 100-watt lamp will produce an illumination not 
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quite so great as 4.00 foot-candles. If it is desired to secure an illumination of not less than 
4.00 foot-candles, the 100-watt lamp may be employed with one of the more efficient types of 
reflector or the 150-watt lamp with one of the less efficient tj'pes. The charts allow a deprecia- 
tion of 30% due to dirt on reflector and lamp and deterioration of lamp filament. 

The chart is for horizontal illumination only If the work be chiefly in the horizontal plane, the charts may 
be used directly to determine the proper size of lamp with reasonable accuracy. If, however, the work bo chiefly 
in some vertical plane, the problem becomes more complicated and can be solved onlj' with rough approximation 
by any general data. The ratio between the horizonral and vertical illumination depends chiefly upon two factors: 
position of lamp with reference to the work, and type of reflector used. The first of these factors so depends upon 
local conditions that no data of value can be given thereon. As for the second factor, the approximate ratio 
between the vertical and horizontal illuminations is given for various types of reflectors in Table 11. 


Table 11. — Appkoximate Ratio between the Vertical and the Horizontal 

Illtohnation 


Type of reflector 

Vertical 
illumination in 
per cent of 
horizontal 
illumination 

Correction factor 
to be applied to 
size of lamp when 
Plate I is used for 
vertical illumination 
determination 

Deep-bowl priamatic-g’ass reflector — special industrial unit 

100 

1.0 

Shallow-bowl porcelain-enameled rnetal reflector 

70 

1.4 

Deep-bowl mirrowed-glass reflector .* 

GO 

1.7 

Shallow-bowl porcelain-enameled reflector — lamp fitted with shield or cap 

55 

1.8 

Deep-bo w'l porcelain-enameled metal reflector 

50 

2.0 


17. Residence Lighting. — In addition to the general principles of illumination design, there 
are some specific factors which should be considered. As in other installations, the utilitarian 
and hygienic factor should take precedence, but in addition, the artistic features are also of 
great importance and should receive commensurate consideration. The following synopsis of 
the* illumination requirements of different rooms of a residence in connection with Table 4 will 
be of assistance in planning a lighting system for a residence. 

Living Room . — The Hving room is the one room of the house which ought to be most com- 
fortable and reposeful. The illumination requirements for such conditions are severe. The 
ceiling fixture provides a general illumination which is desirable and necessary for certain occa- 
sions. On other occasions a local illumination is a welcome relief just for the variety and change 
which it gives, and from an artistic viewpoint the glow of light from a few table lamps with 
uncertain grades of light and shadow intervening, entirely changes the expression of a room 
making it more livable and desiralile, and it is here that the lamp itself as an artistic symbol 
becomes a part and feature of a home. To make possible this variety in illumination there 
should be several side-wall outlets, one or more ceiling outlets, and two or more baseboard 
receptacles to provide connections for electroliers, piano lamps, or other devices. The ceiling 
and side-wall lights can bo most conveniently controlled by side wall switches placed beside 
the door through which entry is most often made. 

Lower HaZZ.—The illumination requirements of halls are not so severe. The. fixtures should, 
however, be in harmony with the other features of the hall and should possess some artistic 
merit. The outlets should be located so that all parts of the hall may be properly illuminated. 
Both the porch light and the hall light should be controlled by switches near the front door. 
The lights of both lower and upper halls should be controlled by three-way switches in order that 
the lower hall may be illuminated from the head of the stairs and the upper hall may be illu- 
minated from the foot of the stairs. The stafiway should in every case be well illuminated. 

1 The Electrical 'Equipment of a Home iseued by National Electrical Contractors Association, National 
Electric Lamp Association, National Electric Liffht Association. 
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Porch . — A porcli light should be installed just outside the entrance door so that it will 
illuminate the steps and the features of the caller without dazzling the eyes of one standing 
within. Other lights should be provided when the porch is of such size that good illumination 
cannot be provided from one outlet. 

Reception Room . — The first impressions of a house are made by the reception room. Here 
the artistic features should be especially emphasized. The illumination as well as the location 
of the lighting units must depend upon the character of the room itself. A ceiHng outlet should 
be provided for general illumination and in addition baseboard receptacles for the connection 
of a decorative electrolier. 

Library . — The general illumination of the library should be by soft light of harmonious 
tone. Baseboard receptacles should be provided at several sides of the room to permit of the 
use of portable reading lamps. 

Dining Room . — In the dining room the illumination is most effective if provided by a 
central ceiling outlet so that a strong mellow light is shed over the table from a dome or shower 
fixture. This may be supplemented by side-wall fixtures if the size of the room makes it advis- 
able- The central lights should be controlled by a switch near the pantry door. It is ver^^ 
convenient also to have the interior of the china closet illuminated by small low-voltage lamps 
which may be operated by a separate transformer which is connected in such a way that the 
opening of the doors turns on the lamps. 

Kitchen . — The illumination of the kitchen should be given careful consideration. Here 
the utilitarian features should be given precedence. There should be sujSicient general 
illumination to make the objects of the room distinctly visible. In addition, local illumination 
should be provided for the stove, sink, and work table. A fixture in the center of the ceiling will 
usually sujffice for the general illumination, and auxiliary side-wall outlets should be provided 
for the stove, sink, etc. These should be placed so as not to shine directly into the eyes when a 
person is working at the sink, or over the stove; likewise, reflection from the dishes should also 
be avoided. 

Pantry . — Good illumination of the pantry is essential, and in general, one outlet in the 
center of the ceifing or symmetrically located with reference to the cupboards, will be sufficient. 
The lamps should be placed high and equipped with a reflector that gives a wide distribution of 
light. 

The Laundry . — The illumination of the laundry should be wholly general but the laihps 
should be so located that the light is concentrated on the ironing board and enough is shed into 
the closet where the laundry utensils are stored. 

Upper Hall . — The lighting of the upper hall requires simply a soft general illumination. 
This may be provided by either ceiling units, side-wall units, or both. The lamps should be 
located so that the head of the stairs is well illuminated, A turn down lamp near the head of 
the stairs is a great convenience for it may be burned dimly throughout the night. Three-way 
switches at the head of the stairs and near bedroom doors should be provided for contx'olling the 
upper hall lights; another three-way switch at the head of the stairs should be provided for 
operating the lamps in the lower hall. 

Bedroom . — If the room is large, a central ceiling fixture should be installed for general 
illumination and bracket wall outlets should be provided for illuminating the dressing table, 
chiffonier, writing desk, and at the head of the bed. If it is inconvenient or too expensive to 
provide enough side-wall fixtures to insure perfect illumination, baseboard receptacles should 
be so placed that portable lamps may be used where necessary. In some cases, the switches 
for controlhng the lamps on the lower floor are installed inside the entrance door of the master's 
bedroom. This lighting switch is a most effective protection against burglars and is especially 
desirable in suburban houses. 

Bathroom . — The lighting of the bathroom should insure a strong light on the face from 
both sides of the mirror for convenience in shaving. This will necessitate two lamps which may 
be sufficient general illumination An additional ceiling light may be installed, however. This 
should be controlled by a switch near the door. Care should be taken so that the bath tub is 
not between the light sources and the window. 
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Sewing Room. — The sewing room can best be served by side-w-all brackets so placed that 
they direct the hght on the sewing machine and table. Glare should be avoided as well as 
specular reflection from the polished parts of the machine. The location of the lamps should 
be determined by the location of the sewing machine, windows, and other features. 

Nursery. — The illumination of the nursery should be mainly general and uniform although 
some provision should be made at one or two convenient places for reading. The general tone 
of the illumination should be cheerful. These requirements can be fulfilled by a central ceiling 
fixture and one or more wall units. 

Large Closets. — ^Large closets should be provided with a lamp directly over the door in a 
horizontal position or up against the ceiling. It should never be placed in a position such that 
inflammable material may be placed against it. This lamp may conveniently be controlled 
by a door switch. It is always advisable, however, to equip the lamp with a pull chain socket 
in order that the lamp may be turned off in case the door is to be kept open any length of time. 

Attic. — The shape, size, and use of the attic will determine the number and location of 
lamps. Only general illumination of low intensity will usually be required. The lamps should 
be controlled by a switch near the foot of the attic stairs. 

Cellar. — The cellar should be provided with suflScient light to make it bright and safe in 
every part. The greatest necessity, however, is proper illumination on the cellar stairs, before 
the furnace, in the fruit room, and at the ice box if it is located in the basement. The cellar 
lights should aU be controlled by a switch at the head of the cellar stairs. 

18. Natural or Daylight Illumination. — In making provision for daylight illumination, the 
engineer or architect has no control of the fight source and furthermore, he must adopt the build- 
ing to the surroundings. The brightness of the sky varies from month to month and from hour 
to hour on normal days by several hundred per cent, while on many days it will vary by 50 to 
100% in the course of a few minutes. Such conditions make the design of a natural fighting 
system difficult. Were it not for the fact that the eye has been developed to suit daylight the 
problem would be much more intricate. The main elements of the problems of daylight illumi- 
nation may be briefly stated as follows:^ 

V, 

1. The determination of the minimum intensity of natural illumination below which artificial illumination 
becomes preferable. 

2. The determination of the minimum ratio of the inside illumination to sky brightness which will produce 
the minimum illumination desired. 

3. The minimum angle which a line from the top of a window makes with the horizontal at a given point in 
the room, or the relation between the light of the window head and depth of the room for reasonably good lighting. 

4. The width and distribution of window glass essential for proper illumination at a given point in the room. 

Many attempts have been made to specify the details of the elements of the problem men- 
tioned in the foregoing; the different rules advocated, however, seldom agree with each other. 
The essentials of good natural illumination specified by different authorities are nevertheless of 
value for they may serve as criteria for judging the adequacy of a fighting system rather than 
as definite specifications in their design, 

18a. Minimum Illumination. — ^This requirement varies widely for different pur- 
poses and also for different persons. The human eyes through ages of the influence of sunlight 
have developed an adjustability to an extremely wide range of natural illumination intensities. 
A thousand foot-candles of daylight illumination are less trying to the eye than 10 foot-candles 
of artificial illumination. In general, it may be said that daylight illumination intensities should 
be from 2 to 3 times those recommended for artificial lighting for the same class of service. 
Photometric data are needed, however, before definite specifications can be formulated. An 
indication of good practice is shown by Table 12® which gives the average daylight illumination 
intensities in representative mnaufacttiring plants. Each value given is the means of a number 
of observations made on both clear and cloudy days. 

1 P. J. Waldram, The Illuminating Engineer, vol. 7, p. 23. 

2 Ward Harrison, Trans. 111. Eng. Soc., vol. 12, p. 419. 
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TabI/B 12. — WoEKiNG Intensities of Daylight Illumination in Foot-candles 


Factory products 

Grade of work 

A 

B 

C 


10 

7 

3 

Engme lathes ( 

6-15 

2-15 

0.5-9 

Automatic engine lathes 

14 

12 

10 


2-30 

2-30 

1-15 

Machined forgings 


G 

5 



2-lo 

1-10 

Special machinery 

10 

7 



4-20 

3-15 


Lamps 

10 

9 



5-lG 

11-15 


Vacuum cleaners. . . . .. . 

17 

11 



7-25 

3-20 


Automobiles . . 

5 

5 

5 


2-11 

2- 8 

3-11 

Automobiles * . 

10 

3 

5 


6-12 

1- 3 

4- 5 

Storage batteries 


5 

3 



1-6 

0.5- 5 

Machine tools and patterns . . . . . . 

6 

9 



2-16 

3-35 


Sheet iron equipment 

10 

5 

1 8 


1-20 

1-12 

2-15 

Machine gears 

7 

1 8 

5 


3-16 

00 

r-l 

J, 

1-15 

Hardware 

10 

10 

4 


1-20 

1-20 

0 . 5-12 

Printing machinery 


5 

3 


1 

1-15 

0.5- 5 

Sewing machines 


4 

2 



1-S 

2-5 

Cloth bags 


5 

7 



3-10 

3-10 

Clothing 

i 10 

4 


j 

10-20 

7-15 


Furniture . . 1 

1 5 

5 


1 

3-20 

0.5-12 


Average. . , . , ..... j 

! 10 

7 

5 

1 

I 

1 

3-15 

1.5-10 

1 


*Saw tooth roof. 


186. Mimmum Ratio of Inside to Outside Illumina- 
tion.^^ — In offices and domestic apartments the requiremeixts of 
ordinary comforts will not be infringed at any point where it is 
possible to read ordinary print at sunrise and sunset on a clear 
winter day. This gives an illumination of about 0.1% of the 
zenith sky, 0.2% 6i the average of the full hemisphere, and 0.4% 
of the illumination of a white card on the window-sill with an 
unobstructed horizon. 

For schools, the desirable minimum is in the neighborhood of 2H times as 
much as in offices. TUis means that the darkest desk should receive a minimum 
illumination equal to 0.25 % of the zenith, 0.5 % of the roof, light or 1.0 % of the 
Fia. 27, window-sill illumination with a free horizon. 

xP, J. Waldram, Illuminating Engineer, vol. 7, p. 24. 
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19. Relative Value of Window Space in Different Positions. ^ — The data at present avail- 
able give indications that the light entering a vertical window will not be effective in illuminat- 
ing a table or desk at a greater distance from the window than twice the height of the top of the 
glass from the table or desk height (Fig. 27). This means that light entering at window is 
effective within the space lying below a plane which makes an angle of deg. with the hori- 
zontal. For schools, an angle of 30 deg. appears preferable. If the table is assumed to be 3 ft. 
above the floor, the relation between the window height and depth of room is shown in following 
table : 


Height of top of glass 
above floor 

Depth of room 

(feet; 

(feet) 

9 

12 

10 

14 

11 

16 

12 

18 

13 

20 

14 

22 

15 

24 


lighted 


It is evident that in general the top of the window should be as close to the ceiling as prac- 
ticable. The Industrial Commission of Wisconsin recommends that the top of the window be 
placed within 8 in. or less of the ceiling. 

The window-sill should not be less than 3 to 33^ ft. from the floor. 

20. Size and Location of Windows. — There is quite a discrepancy with respect to the rela- 
tive areas of window space and floor area commonly recommended. For school lighting the 
ratio commonly specified ranges from to The Belgian government specifies J-e the floor 
area while Trucand Chavernace claims that 34 to or even % of the floor area is the required 
window area. Engelbracht suggests the following formula: 


where 


A , 

= 5 +36 
w — window area. 

A = floor area. 
d — depth of room. 


This is perhaps the most reasonable requirement for it takes into 
room. For factories, offices, and buildings used for similar 
purposes, the order of the Wisconsin Industrial Commission 
specifies the glass area should equal 20% of the floor area, 
and the distance of any working position should not exceed 
2.25 times the height of the top of the window above the floor 
where windows are on one side only, and 4.5 times this height 
where windows are on two sides. This differs slightly from the 
recommendation of Waldram as well as from that of Engel- 
bracht. The differences are not great, however. 


consideration the depth of the 



The importance of the location of windows is recognized by all authorities although there is a diversity of 
opinion in regards to details. They are all agreed that no windows should be placed where workers or pupils 
must face them. Since most persons are right-handed, one fundamental principle of proper lighting is to have 
light come from the left. In natural lighting three systems are in vogue: unilateral, bilateral, and sky-lighting. 
The predominant opinion favors unilateral lighting with the windows on the left of the pupils when seated. Prof. 
F. K. Richtmeycr recommends that windows be placed on only one side of school rooms less than 24 ft. wade, and 
bilateral lighting for wide rooms. H. L. Dunstall, an Fnglish architect, objects to bilateral lighting for it gives 
rise to conflicting shadows which are trying on the eyes. Where neighboring buildings obstruct the sky some form 
of prism glass may be used for the upper part of the windows (Fig. 28). 

21. Natural Lighting of Factories. — The following more detailed specifications for natural 
lighting of factories are abstracted from the Industrial Lighting Code of the Industrial Com- 
mission of Wisconsin. 

1 P. J. Waldram, Illuminating Engineer, vol. 7. 



1420 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. l-2la 


21a. Window Frames. — The steel window frame has approximately 25% more 
glass area for the same window opening. Steel window frames are not subject to the effect 
of moisture, like wooden frames, hence their operation is certain. In extra large openings they 
can be reinforced to resist wind pressure or other strains without noticeable interference with 
the light area. 

21&. Window Glass. — Both translucent and clear glass may be employed in 
industrial plants. For the upper and middle portions of the windows, clear glass is preferable 
especially where suitable window shades are provided. If no window shades are provided, 
moderately translucent glass can be employed to advantage in the lower portions of the windows 
to a distance of approximately 6 ft. from the floor. 

Translucent wire glass, also called ribbed glass, in steel frames is often desirable for reducing the fire risk. 
The glass should be smooth on both sides to facilitate cleaning- It is best to install the glass with the ribs horizon- 
tal because the prism effect of the ribs will direct more light to the interior of the building. 

21c. Window Shades. — When clear window glass is used, shades may be required 
to exclude direct sunlight. The best method of accomplishing this result is to employ two 
shades — a very translucent shade which can be puUed down from the top, and a much denser 
shade, but yet translucent shade, which can be pulled up from the bottom. If only one shade 
is used, it should be mounted at the bottom of the window and should be the dense, slightly 
translucent shade mentioned above. 

21d. Bench Location. — Considerations of good illumination require that work 
benches, desks, etc., be located perpendicular to the windows (Fig. 29). With such an arrange- 
ment the effects of shadows and glare are practically eliminated. 



Elevation 



Fia. 29. 


21e. Skylights. — Skylights may be of two kinds depending upon the form of 
room construction — flat or monitor. When flat skylights are employed, the ribs of wire glass 
should be installed so that the ribs run parallel to the long dimension of the skylight. If this 
is not done, the light is diffused over a narrow area parallel to the strip of skylight thus lighting 
one part of the room much more brilliantly than the remainder, which condition it is desirable 
to avoid. 

The illumination near the center of the top floor may be made satisfactory by the use of flat skylights. Too 
strong light during parts of the day is the chief disadvantage of tnis system. 

21/. Monitor Roof Skylights. — This type of construction is shown in Fig. 30. 
To make this method most effective the ceilings and upper walls must be finished white. A 
special form of monitor roof skylight is the so-called saw-tooth construction (see Fig. 31). 
With this construction a nearly uniform intensity and excellent diffusion of illumination is 





Sec. 7-21/] 


ELECTRIC LIGHTING AND ILLUMINATION 


1421 


secured throughout the work space. It is more adaptable for lighting large floor areas in wide 
buildings with low ceilings than the monitor skylight. The windows of the skyHght should 
face north or as nearly so as possible. The saw-tooth skyhght is especially well suited for light- 
ing textile mills, machine shops, foundries, drafting rooms, and dye houses where careful 
color matching is done. 

Since the saw-tooth windows should face north, they should be inclined at an angle of 20 to 30 deg. from the 
vertical in order to admit some light from the upper sky, and to avoid one skylight cutting off the light from the 
next in the rear. The interior surfaces of the saw-tooth should be painted wnite to diffuse the illumination. 
The angle at the peak of the saw-tooth should be approximately 90 deg. 




Shades will scarcely ever be required with the saw-tooth skylight when they face north except in some offices. 
The illumination of vertical surfaces facing the skylights will be higher than the illumination on vertical surfaces 
facing in the opposite direction; hence, where strong illumination on a vertical plane is necessary the work should 
be arranged accordingly. The horizontal illumination can be made practically uniform. 

Before designing an illumination system for a building, it is advisable to consult the latest 
bulletins of the Engineering Department of the National Lamp Works, Nela Park, Cleveland, 
Ohio. These bulletins contain the latest data on lamps, shades, globes, and other lighting 
equipment as well as the latest developments in the lighting art. 


SECTION* 8 
GAS LIGHTING 

By C. M. Jansky 

With the invention of the incandescent electric lamp^ the use of gas for lighting rapidly 
declined, hut with the invention of the gas mantle and the greater improvement in gas light- 
ing fixtures, gas again became a strong competitor of electricity in the field of illumination. 
In many cases the designer of a lighting system will do well to consider the possibilities of gas 
lighting service. The installation costs of a first-class gas and a fii’st-class electric lighting sys- 
tem are approximately the same, while in some instances the cost of operation may be less for 
gas than for electricity. 

The general principles of calculating the illumination produced by a gas lighting system 
are the same as those for electric lighting. The difference lies in the character of the distribu- 
tion curves and variations in the light flux of the gas lighting units. 

1. Definitions.— Pressure.— GsiS, like any other fluid, will flow through pipes only if 
there is a difference of pressure between any two points along the pipes. This difference in 
pressure is indicated by the height of a column of water supported by the pressure of the gas, 
which is obtained by measuring the difference between the levels of a quantity of water in a U- 
shaped tube, one end of which is connected to the gas supply, the other being open to the air. 

Since 1 cu. in. of water weighs 0.03613 lb,, to determine the pressure of the gas per sq. in., 
merely multiply the difference in water level, that is, pressure in inches of water, by 0.03613. 
Sometimes the pressure is expressed in terms of the difference of elevation of mercury in the two 
limbs of a manometer tube. When this is done the water equivalent may be obtained by multi- 
plying the mercury elevation by 13.56, since mercury is 13.56 times as heavy as water. 

Density or Specific Gravity . — The specific gravity of gas means the relative weight of a 
volume of the gas and the weight of an equal volume of air at 32 deg. F. and 1 atmospheric 
pressure. Since illuminating gases are lighter than air, the specific gravity of the gas will almost 
invariably be less than unity. 

Heating or Calorific Value.— With the introduction of the gas mantle the illuminating prop- 
erties of a gas are no longer determined by its composition but by its heating value. The calo- 
rific value of a gas is the heating power of the gas expressed in British thermal units per cubic 
foot of the gas at a temperature of 62 deg. F., and under a pressure of 1 atmosphere, about 30 
in. of mercury. One B.t.u. is the quantity of heat required to raise the temperature of one 
pound of water from 62 deg. to 63 deg. F. The heating value of the gas is determined by burn- 
ing a quantity of it in such a manner that all the heat produced is transmitted to a known weight 
of water. By measuring the increase in the temperature of the water, multiplying this by the 
weight of the water, and dividing by the volume of the gas consumed, the result is the B.t.u. 
per cubic foot of the gas. 

Gas Candles Although the quality of gas is still sometimes expressed in terms of 

its candle power, the luminqus property is of little practical importance. The candle power of 
a gas is the luminous intensity in a horizontal direction from an Argand burner or from the flat 
side of an open tip burner consuming 5 cu. ft. of gas per hr., and is obtained by direct comparison 
with a standard of known intensity. It is an indication of the amount of illuminants in a gas. 
With the mantle, the candle power is not determined by the illuminants but by the heating value. 
The gas is thus merely a fuel for raising to incandescence the material of the mantle. 

• Gaseous Fuels . — The gases used for both illuminating and heating purposes may be divided 
into two general classes, manufactured and natural. The chemical composition of gases in 
either of these classes will vary and accordingly the heating values will vary. Table 1 gives the 
composition of manufactured commercial gases. 

1422 
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Table 1. — Composition' .and Heating Va-lee of Commercial Gase.s 


Character of gas 

Hydro- 

gen, 

H2 

Methane, 

CH4 

Ethyl- 

ene, 

C-.H4 

Nitro- 

gen, 

N- 

Carbon 

monox- 

ide, 

CO 

Oxygen, 

O 2 

Carbon 

dioxide, 

CO 2 

B.t.u 
per 
cu. ft. 

.Authority 

Oil gas 

32.0 

48. 0 

16.5 

3.0 


0.5 


846 

1 

Coke-oven gas 

50.0 

36.0 

4.0 

2.0 

1 6.0 

0.5 

1.5 

603 

i Wyer, S. S. 

Carbureted water gas. . 

40.0 

25.0 

8.5 

4.0 

[ 19.0 

0.5 

3.0 

575 

J 

Water gas 

48 . 0 

2.0 


5.5 

38.0 

0.5 

6.0 

295 

Wycr. S. S. 

Blast-furnace gas 

1.0 1 



60.0 

27.5 


11.5 

91 


Pintsch gas 

12 . 4 

45.4* 

35. 7t 

3.0 

0.6 

2.0 

0.7 

1500 



* Saturated hydrocarbons. t Unsaturated hydrocarbons. 


In addition to the gases mentioned in the above table, 
acetylene. The composition of coal gas will depend upon 
the quality of the coal from which it is made. The heat- 
ing value will range from 500 to 678 B.t.u. per cu. ft. 
Acetylene is a gas rich in carbon and must be burned with 
a liberal supply of air, but when so burned gives a very 
brilliant whitish flame and produces a most useful local 
source of light. A mantle is seldom used with an acet>'“ 
lene burner, hence its heating value for illuihination is 
immaterial although it will develop between 1437 to 1477 
B.t.u. per cu. ft. Natural gas, like coal gas, will vary 
greatly in composition depending upon the locality of the 
wells. Its specific gravity ranges from 0.57 at Clarion 
Co., Pa., to 1.01 in northwestern Oregon. i The heating 
value ranges from 21 to 1766 B.t.u, per cu. ft. 


two other gases should be mentioned — coal gas and 




Fig. 1. 


2. Gas Lamps. — The gas lamp in its simplest form consists of two essential parts — the 
burner and the mantle — the former usually being fitted with a glass chimney to secure satisfac- 
tory and efficient illumination (Fig. 1). The function of the burner is to properly mix the air and 
gas and to direct the flow of the mixture so that when ignited it will raise the mantle to a uni- 



Fig. 2. Fig. 3. Fig. 4. 


f ormly high temperature. The luminous property of the burning gas is of no importance but its 
heating properties are of first importance. The mantle is a lacelike hood of refractory material 
which, when heated to incandescence, gives a brilliant light. The mantle is made of some organic 
material, such as “ artificial silk, ” impregnated with the salts of eeria and thoria. The character 

1 Marks, Mechanical Engineers’ Handbook, p. 614. 
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of the fabric used determines the mechanical strength of the mantle, while the rare earths em- 
ployed determine its radiant efiQciency and the color of the light. In the earlier lamps the mantle 
was mounted above and enclosing the burner. This greatly limited the use of the gas lamp, but 
more modern designs permit the mounting of the mantle below the burner in a pendant position. 

Likewise, the lamps may be single or multiple, f.e., contain one or more burners and mantles. 

With these developments, the gas 
^ lamp has almost the same adapta- 

bleness as the electric lamp. Some 
recent types of inverted gas lamps 
are shown in Figs. 2, 3,»and 4. 

^ 3. Distribution Curves. — The 

light flux distribution curve of the 
gas lamp depends upon the reflec- 
tor in the same manner as the dis- 
tribution curve of an electric lamp. 
— This is shown by Figs. 5 and 6. 

Fig. 5 is the distribution curve of a 
ScrL — ij - vertical gas lamp consuming 4.66 

y H y cu. ft. of water gas per hr. with a 

clear chimney. Fig. 6 is the dis- 
^ tribution curve of a similar lamp 

with a reflector as shown. It is 
thus evident that in designing a gas lighting system, due attention must be given to the type of 
reflector and the distribution curves produced. 

4. Design of Gas Lighting System. — The first step in designing a gas lighting system is 
exactly the same as for an electric lighting system ; that is, the determination of the proper illumi- 
nation on the working plane. The second step is the calculation of the nmnber of lumens 
necessary to produce this desired 
illumination. The number of 
lumens emitted by any lamp may 
be calculated from the distribu- SO"" 
tion curve of that lamp. If the 
mean spherical candle power of 
the lamp is known, the total 
lumens may be obtained by multi- 
plying the mean spherical candle 
power by 12.57. It is rather diffi- 
cult to follow this procedure for 
the coefficients of utilization for 
gas lighting fixtures are not avail- 
able. Table 2^ gives much valu- 
able data on gas lamps and reflec- 
tors. This together with Table 3 
may be used in determining the 
spacing and mounting height of 
different types of lamps of the 
Welsbach make. The radius for 
4-foot candles illumination, Table Fig. 6. 

2, is the radius of the horizontal 

circle on the working plane from a point immediately beneath the lamp within which circle 
an average illumination of 4 foot-candles will be produced when the lamp is placed at the 
proper height. To find the corresponding radius for other illumination intensities, the 
radius for 4 foot-candles is multiplied by the multiplier, Table 3, opposite the desired illumi- 

1 Welsbach lUumination Data Book. 
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nation intensity. Opposite this corrected radius will be found the mounting height above the 
working plane. The zones 30, 45, and 60 deg. for which calculations are made, are those 
within which the light from the different reflectors is distributed Avith such uniformity upon 
a horizontal plane that the minimum illumination near the edge of the illuminated area wull 
be near enough to the average for practical purposes. The zones are measured from the 
bottom of the vertical axis of the lamp. 

Table 2. — Radius op Illuminated Area for 4-poot Candles Illumination with Dif- 


ferent Lamps and Glassware 


Lamp 

Mantle 

Chim. or 
globe 

Shade | 

Cons, 
(cu. ft. 

60 deg. 
lumens 

Radius for 

4 f.-c. ilium. 

^905 

4-#2 

434 alab. 

#98 Opal 

IS 8 

877.4 

S ft. 4 in. 

905 

4-#2 

434 clear 

#98 Opal 

IS 8 

879.2 

8 ft. 4 in. 

209 

4 reflex 

10 clear 


13 03 

906.0 

8 ft. 6 in. 

209 

4 reflex 

10 alab. 


13 03 

730 0 

7 ft. 8 in. 

902 

1 reflex 

5 clear 


3.71 

328 0 

.5 ft. 0 in. 

901 

1 reflex 

5 clear 


3.71 

324.0 

5 ft. 0 in. 

1911 

5 reflex 

11 clear 


17.01 

1942.0 

12 ft. 6 in. 

1911 

3 reflex 

12 clear 


11.02 

1245.0 

10 ft 0 in. 

66 

4197 

306 clear 

71 opal 

5.12 

430.7 

5 ft. 9 in. 

71 

197 

306 clear 

71 opal 

4.66 

321.0 

5 ft. 0 in. 

71 

197 

, 306 clear 

71 gr. opal 

4.66 

337.1 

5 ft 2 in. 

71 

197 

306 opal 

71 opal 

4.60 

302 0 

4 ft. 11 in. 

71 

197 

42 ch. 

71 opal 

4.07 

345.0 

5 ft. 3 in. 

71 

197 

42 ch. 

71 gr. 

4.07 

280.0 

4 ft. 9 in. 

71 

196 

310 c. ch. 

316 op. 

3.70 

253.0 

4 ft. 6 in. 

71 

196 

310 op. 

316 op- 

3.70 

230.0 

4 ft. 0 in. 

52 

53 


1678 

1.66 

42.5 

1 ft. 6 in. 

1 reflex 

reflex 

317 TF 

442 F. R. 

3.31 

217.4 

4 ft. 2 in. 

1 reflex 

reflex 

317 C. 

441 V.K. 

3.56 

224.1 

4 ft. 3 in. 

1 reflex 

reflex 

317 H.F. 

502 gr. 

3.31 

312. 1* 

5 ft. 0 in. 

1 reflex 

reflex 

317 H.F. 

531 

3.31 

264.8* 

4 ft. 4 in. 

1 reflex 

reflex 

317 H.F. 

502 op. 

3.31 

231.8* 

4 ft. 3 in. 

1 reflex 

reflex 

317 T.F. 

531 

3.31 

304.7* 

4 ft. 11 in. 

1 reflex 

reflex 

317 F. 

504 

3.31 

210.3* 

4 ft. 1 in. 

1 reflex 

reflex 

317 H.F. 

504 

3.31 

234.0* 

4 ft. 4 in. 

1 reflex 

reflex 

317 F. 

503 op. 

3.31 

326.0 

5 ft. 0 in. 

1 reflex 

reflex 

317 F. 

533 en. 

3.31 

295.0 

4 ft. 10 in. 

1 reflex 

reflex 

317 H.F. 

533 en. 

3.31 

321.0 

5 ft. 0 in. 

1 reflex 

reflex 

317 T.F. 

E-1 

4.20 

538.9 

6 ft. 6 in. 

1 reflex 

reflex 

317 T.F. 

I-l 

4.20 

368.0* 

5 ft. 4 in. 

1 reflex 

reflex 

317 C. 

F-1 

4.20 

292. Of 

4 ft. 10 in. 

1 reflex 

reflex 

317 T.F. 

3416 

3.65 

344.0 

5 ft. 3 in. 

1 reflex 

reflex 

317 T.F, 

1602 

3.65 

380.0 

• 5 ft. 5 in. 

1 reflfex 

reflex 

317 H.F. 

1602 

3.65 

344.0 

5 ft. 3 in. 

1 reflex 

reflex 

317 T.F. 

0918 

3.74 

424.0 

5 ft. 9 in. 

reflex-20 

403 

376 C. 

224 op. 

8.69 

1203 0 

9 ft. 9 in. 

refLex-20 

403 

376 C. 

7150 holo. 

8.69 

1346.0 

10 ft. 4 in. 

reflex-20 

403 

376 C. 

222 op. 

8.69 

1146.0 

9 ft. G in. 

refiex-20 

403 

376 C. 

224 Al. 

8.69 

1097.0 

9 ft. 4 in. 

reflex-20 

403 

376 C. 

248 

8.09 

1113.0 

* 9 ft. 5 in. 

reflex-20 

403 

376 C. 

228 Op. 

8.69 

1016.0 

9 ft. 0 in. 

reflex-20 

403 

376 V.K. 

244 Al. 

8.69 

883.0 

8 ft. 3 in. 



376 V.K. 

352 

8.69 

1077.0 

9 ft. 3 in. 

open flame 




7.23 

90 0 

2 ft. 8 in. 

intenso 

3-Kef. 

910 C. 


10.62 

942.0 

8 ft. 9 in. 

4 reflex 

40 


423 C.K. 

1.70 

144.5 

3 ft. 5 in. 

4 reflex 

40 

328 T.F. 

9421 

1.70 

222.5 

4 ft. 3 in. 

48 reflex 

3-33 

8 C. 


0.72 

908.0 

8 ft. 5 in. 

48 reflex 

3-33 

8 Al. 


7.21 

038.0 

7 ft. 1 in. 

1800 

3-33 

1806 Al. 


7.14 

707 0 

7 ft. G in. 


* = lumens in 45 deg. zone, 
t “ lumens in 30 deg. zone. 
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Table 3 


Illumination 
ft .-candles 

Multiplier 
for radius 

Corrected 

radius 

Mounting 

60 deg. 

height above working plane 

45 deg. 30 deg. 

1 

2 

2 ft. 6 in. 

1 ft. 6 in. 

2 ft. 6 in. 

4 ft. 4 in. 

IH 


3 ft. 0 in. 

1 ft. 9 in. 

3 ft. 0 in. 

5 ft. 3 in. 

2 

m 

3 ft. 6 -in. 

2 ft. 0 in. 

3 ft. 6 in. 

6 ft, 0 in. 

m 

IK 

4 ft. 0 in. 

2 ft. 4 in. 

4 ft. 0 in. 

7 ft. 0 in. 

3 

IK 

4 ft. 6 in. 

2 ft. 7 in. 

4 ft. 6 in. 

7 ft. 9 in. 

4 

1 

5 ft. 0 in. 

2 ft. 11 in. 

5 ft. 0 in. 

8 ft. 8 in. 

m 

K 

5 ft. 6 in. 

3 ft. 2 in. 

5 ft. 0 in. 


6 : 

% 

0 ft. 0 in. 

3 ft. 6 in. 

6 ft. 0 in. 


7 

H. 

6 ft. 6 in. 

3 ft. 9 in. 

6 ft. C in. 


s 

Ho 

7 ft. 0 in. 

4 ft. 0 in. 

7 ft. 0 in. 




7 ft. 6 in. 

4 ft. 4 in. 

7 ft. G in. 




S ft. 0 in. 

4 ft. Tin. 

S ft. 0 in. 




S ft. 6 in. 

4 ft. 11 in. 

8 ft. 6 in. 




9 ft. 0 in. 

5 ft. 3 in. 

9 ft. 0 in. 




9 ft. 6 in. 

5 ft. 6 in. 

9 ft. G in. 




10 ft. 0 in. 

5 ft. 9 in. 

10 ft. 0 in. 
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Illustrative Problem. — What must be the mounting height of a No 20 Refiex lamp with a No. 248 reflector, 
in order to produce an average illumination of 6 foot-candles, and how far apart should the lamps be spaced? 

By Table 2, the illumination radius for 4 foot-candles is 9 ft. 5 in The multiplying factor for 6 foot-candles 
IS Table 3. The corrected radius is ^ X 113 in. = 92 in = 7 ft. S in., practically, 7 ft 6 in. Referring to 
Table 3 we find that for a 60-deg. zone, the mounting height is 4 ft 4 in. and for a 45-deg. zone, it is 7 ft. 6 in. 
above the illumination plane. If the lamps are thus mounted 15 ft apart, the illumination intensity will be about 
6 foot-candles 

Arthur Sweet has prepared for the Industrial Commission of Wisconsin a chart, Fig. 7, 
for determining the proper spacing and size of gas lamps to produce a desired illumination 
intensity. This is used in exactly the same w'ay as chart, Fig. 26, p. 1414. The result, how- 
ever, is given in cubic feet of gas per hour required and number of mantles instead of watts. 

Illustrative Problem. — An illumination intensity of G foot-candles is required. The lamps are to be mounted 
12 ft. above the floor. What is the minimum and maximum spacing and what gas consumption will be required? 


MaAimum Spacmg m Feet 



Referring to the chart, we sec that the minimum spacing is 11 ft. 6 in. and the maximum spacing 18 ft. The 
exact spacing in any case will depend upon local conditions. Assuming a spacing of 15 ft., we find that the hori- 
zontal line corresponding to this spacing intersects the 6 foot-candle curve in the space corresponding to a 5-mantle 
14 cu. ft. per hr. lamp. For a spacing of 13 ft., one 3-mantle 9.20 cu. ft. per hr. lamp will give the desired 
illumination. 

6, Semi -indirect Gas Ulumination. — AVith the development of the inverted mantle, semi- 
indirect illumination was made possible. The problem of determining the location, spacing, 
height, and size of lamp for semi-indircct gas illumination is the same as for electric illumination. 
The coefficients of utilizalion are of about the same order of magnitude as for semi-indirect 
electric illumination — seldom will this be over 40%. The type of fixture, condition of reflecting 
surface of the reflector, and of the walls and ceiling, are important factors. Unless exact data 
are available, the light flux emitted by a burner consuming 1 cu. ft. of gas per hr. for indirect 
lighting may be assumed to be 250 lumens. With this data the size of lamps necessary can be 
determined with reasonably close approximation. 

Illustrative Problem. — A store 25 X 50 ft. is to be illuminated by semi-indirect gas lamps. If the ceilings are 
12 ft. high, how many, what size lamps are required, and how should they be spaced? The ceiling is white and 
walls are medium. 

According to Table 1, p. 1321, the coefficient of utilization for a semi-indirect electric lighting system for a room 
of the size specified, is about 37%. Assuming the coefficient of utilization for gas lighting to be the same, and 
assuming 6 foot-candles to be the illumination intensity desired, the total lumens necessary equals 

Lumens « = 20,300 

If each cubic foot of gas produces 250 lumens, then the gas required per hour equals 20,300 -5- 250 81, and assum- 

ing each burner to consume 3 cu. ft. per hr., the number of mantles required is 81 -r 3 — 27. 
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The spacing and height of mounting is determined by the shape of the room and height of ceiling. Figs. 8 
an-i 91 show maximum distances permissible between outlets. Since the ceiling is 12 ft. high, the maximum spacing, 
i'lg. S, is S ft. and Fig. 9, 16 ft. The former is for rooms where close and exacting work is done. Requirements 


Maximum Spacing m feet 



of symmetry require two rows of lamps 6 ft. from the outside walls and 13 ft. apart. The lamps in the rows may 
be 6 ft from the end walls and 12 ft. 8 in. apart. This necessitates 8 lamps of three burners each. 

^Welsbaoh, **Short Cut Method of Calculating Illumination with Semi-indirect Fixtures.” 



SECTION 9 

GAS FITTING 

By C. M. Jansky 

Gas used for heating, illumination, and other purposes is distributed through the buildings 
by means of wrought-iron or steel pipes which are coupled or connected by special parts called 
fittings. The term 'pipe fitting is used to designate the work of putting together various lengths 
of pipes and their connecting parts. 

1, Gas Pipe. — Most of the pipe now used for the distribution of gas is made of a low-carbon 
acid Bessemer steel. This steel welds readily and it has nearly displaced wrought iron for this 
purpose. The seams of gas piping are welded by one of two methods : pipes of diameter 

or under are butt welded, and those over 1 J^-in. diameter are lap welded. Welded pipes may 
have defects and hence each piece should be carefully inspected before it is installed. The most 
common defects are: 

1. Defective welda^ that is, the seam may be imperfectly joined. 

2. Cracks , — These originate in the ingot as blowholes, shrinkage cracks, or other defects. As the ingot is 
rolled out in a sheet these defects lengthen out, 

3. Blisters . — These are caused by “piping,” or cavity in the ingot, and heat swells them above the surface 
when the pipe is formed. 

4. Scale Pits and Sand Marks . — These are small indentations caused by rolling scale or sand into the surfaces 
of the plate from which the pipe is formed. 

Welded steel pipe is made in standard sizes designated in inches, as follows: Jg, K, 3^, 

1, 1 3^, 13^, 2, 2>^, 3, 33^, 4, 43^, and in sizes of even inches from 5 to 12 in. inclusive. These 
sizes refer to the inside diameters of the pipes, but as a matter of fact, they are only nominal 
as the actual diameters differ more or less from the designated diameters. While pipe is 
designated by its nominal inside diameter, it is standardized in size in outside diameters. 

Steel pipe may be obtained either galvanized or plain, and some makers coat it with as- 
phalt or tar. A pipe is now made particularly smooth and free from scale by welding it slightly 
over size and reducing it to proper dimensions in sizing rolls. 

2. Dimensions of Standard Iron Pipes.^ — The following table shows the standard dimen- 
sions of iron pipe, including standard threads for ends of the pipe. These standard sizes are 
made in wrought iron, mild steel, and brass as commerical products. 

In ordering iron pipe it is necessary to designate only the size of pipe required as given in 
the first column of the table, without any mention of thickness. 


Size 

(inches) 

Actual 

outside 

diameter 

(inches) 

Thickness 

(inches) 

Threads 
per inch 

Size 

(inches) 

Actual 

outside 

diameter 

(inches) 

Thickness 

(inches) 

Threads 
per inch 

H 

0.405 

0.068 

27 

3H 

4.0 

0.226 

8 

K 

0.54 

0.088 

18 

4 

4.5 

0.237 

8 

% 

0.676 

0.091 

18 

4K 

6.0 

0.246 

8 

H ' 

0.84 

0.109 

14 

5 

6.563 

0.259 

8 

y4. 

1.05 

0.113 

14 

6 

6.625 

0.280 

8 

1 

1.316 

0.134 

IIH 

7 

7.626 

0.301 

8 

IK 

1.66 

0.140 

IIH 

8 

8.625 

0.322 

8 

IH 

1.9 

0.145 

ilH 

9 

9.626 

0.344 

8 

2 

2.376 

0.154 

iiH 

10 

10.75 

0.366 

8 


2.875 

0.204 

8 ' 

ll 

11.75 

0.375 

8 

3 

3.5 

0,217 

8 

12 

12.75 

0.375 

8 


1 From Danf Orth’s Mech. Process, p. 401. 
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3. Pipe Fittings. — Pipe fittings are 
made in standard forms, sizes, and 
threads to agree with standard sizes of 
pipes. Fittings of one manufacture may 
thus be used with piping of another 
manufacture although difficulty is occa- 
sionally hnind in pipe-fitting due to the 
fact that the slightly tapered threads on 
both pipe and fittings are cut too deep 
or too shallow. Fig. 1 together with 
the explanatory tabled gives information 
concerning standard forms of fittings 
some of which are not common on gas 
installations. 


Reference 

Xo. 

Fitting 

Size 

(inches) 

Style 

1 

Globe valve 

r 


2 

Angle valve 



3 

Gate valve ... 



4 

Plug cock . 



5 

Horizontal check valve . . . . 

H 


6 

Vertical check valve ... . ... 

H 


7 

Angle check valve. . , ... 

1 


8 

Screw union . . . . . 



9 

Flange union 

1 


10 

Long screw 

1 


11 

Long screw . 

H 


12 

Tee 


Malleable, beaded 

13 



Malleable, plain 

14 

Tee 

H 

Malleable, beaded 

15 

Bull-head tee 

H X 1 

Malleable, beaded 

10 

Reducing tee 

X 1 X 1 

Malleable, beaded 

17 

Four- way tee ... 

H 

Malleable, plain 

18 

Cross 

H 

Malleable, beaded 

19 

Y-branch . . . 

H 

Cast iron 

20 

Elbow .... 

i 

Malleable, plain 

21 

Elbow 

y4. 

yialloable, plain 

22 

Reducing elbow 

H X 1 

Cast iron 

23 

Side-outlet elbow 

1 

Malleable, plain 

24 

Street elbow i 


Malleable, beaded 

25 

45-deg. elbow 

fi 

Malleable, beaded 

20 

Return bend 

1 

Cast iron 

27 

Sleeve coupling ... 

n 


28 

Reducing coupling 

H X H 

Malleable, plain 

29 

Reducing coupling ... 

H X 1 

IMalleable, plain 

30 

Extension piece 

H 

Malleable, plain 

31 

Bushing 

H X 


32 

Bushing 

X 1 


33 

Expansion joint 

H 


34 

Cross-over .... 

H 

Malleable, beaded 

35 

Shoulder nipple 

1 


30 

Long nipple 

1 


37 


>2 


38 




39 


y2 


40 

Plug 

H 


41 




42 

Plug 

H 



I Danforth’s Mech. Proce^is 
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Fittings are made of cast iron or malleable iron. The malleable iron fittings are adapted 
to high pressures. They are made in two styles known as beaded, that is, -with a rolled rim at 
the opening; and plain, without a rim. Cast-iron fittings arc more bulk^’" than the malleable 
fittings and are used for pressures of not over 150 lb. Iron fittings are either black or galva- 
nized. The latter should be used in connecting 
gas pipes. 

4. Tools Used in Pipe Fitting.^" — The hand 
tools ordinarily used in pipe work are showm in 
Fig. 2. The pipe vise holds pipe for cutting, thread- 
ing, and fitting parts together. The tongs and 
wrenches grip the pipe for holding or turning. 

Dies, made with standard threads, are held in the 
die stock when in use. Each size of pipe die has 
a bushing w^hich fits in the stock behind the die to 
steady the stock on the pipe end. 

6. Flow of Gas in Pipes. — In order that the 
gas appliances may operate at maximum efficiency 
they must be supplied by the proper amount of gas 
at the proper pressure. This means that the pipes 
must be of ample size so that the pressure will not be materially reduced. The size of the pipe 
will depend upon the number of outlets to be supplied and the length of pipe. 

The standard formula for calculating the size of pipe is that of Prof. Pole as follows: 

in which d — diameter of pipe, in inches. 

Q — cubic feet of gas per hour. 

Pi — initial pressure, inches of W’ater. 

Po == terminal pressure, inches of water. 

L = length in feet, 

P = specific gravity of gas, air 1. 

C — constant = 2340, about. 

Experience, however, shows that the actual diameter should be considerably larger than the 
theoretical diameter given by Pole's formula. Furthermore, allowances must be made for par- 
tial obstruction of the pipe due to rust and condensed hydrocarbons. This allowance should 
be about one-third for smooth lead pipes and one-half for iron pipes.^ 

Illustrative Problem. — What size pipe is necessary to supply five bm-ners, each consuming 4 cu. ft. of gas 
per hr., if the difference of pressure is 1 in. of water? The density of gas is 0.4o, and the distance of burners from 
main is 50 ft. 

Data: 

Q = 4 X o = 20 cu. ft. 
iL = 50 ft. 
p *= 0.45 
Pi — P'x ^ \ in. 

Log Q « 1.301030 
Log = (2)(1.301030) 

Log!/ = 

Log p =« 

Log Q2L 

Log 2340 = 3.309216 
Log 23402 = (2) (3.3692 10) 

Log (Pi - P.) « 

From Danforth’s Mech. Process, p. 334. 

* Gerhard, American Practice of Gas Lighting. 


= 2.602060 
1.698970 
1.653212 
3.954242 

= 0.73S432 
0.000000 




Fig. 2. — Pipe fitting tools. 
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(2340)?CPi - P2) '^•215810 10 

d = 0.278 in. 

A computer based on this formula has been designed by William Cox. The use of this com- 
puter saves much time in determining the requisite size of pipe. The sizes of pipes specified 
in the computer are somewhat larger than the calculated values from Pole’s formula. 

The following short table may be used for approximate calculations. This table gives 
the diameter of pipes in decimals of an inch. It is based on a table originally published 
by Clegg. ^ The table has been abbreviated by omitting the two last decimal places. 


Table Showing the Diameter op Pipes, in Decimals op an Inch, to Supply Outlets 
AT Certain Distances from the Main 



Number of burners each consuming 5 cu- ft. per hr. under a pressure of 1 in. (water) 

Dist of 














outlets from 
main in feet 

3 

5 

10 

15 

20 

25 

30 

40 

50 

100 

150 

200 

300 

Diameter of pipes, in decimlas of an inch 

o 

0.155 

0.189 

0.249 

0.294 

0.329 

0.359 

0.38S 

0.434 

0.474 

0.626 

0.739 

0.826 

0.975 

10 

0.177 

0.217 

0.286 

0.337 

0.378 

0.413 

0,444 

0.498 

0.545 

0.719 

0.838 

0.949 

1.116 

lo 

0.192 

0.235 

0.310 

0.365 

0.410 

0.448 

0.482 

0.540 

0.591 

0.780 

0.917 

0.129 

1 210 

20 

0.203 

0.249 

0.329 

0.387 

0.434 

0.474 

0.510 

0.572 

0.626 

0.826 

0.971 

1.090 

1.281 

30 

0.220 

0.270 

0.356 

0.419 

0.470 

0.514 

0.553 

0.621 

0.679 

0.895 

1.053 

1.182 

1.390 

40 

0.233 

0.286 

0.378 

0.444 

0.498 

0.545 

0.586 

0.658 

0.719 

0.948 

1.116 

1.252 

1.472 

50 

0.244 

0.299 

0,395 

0.464 

0.521 

0.570 

0.613 

0.688 

0.752 

0.992 

1.167 

1.309 

1.539 

60 

0.253 

0.310 

0.410 

0.482 

0.540 

0.591 

0.636 

0.713 

0.779 

1.029 

1.210 

1.357 

1.597 

70 

0.281 

0.320 

0.422 

0.497 

0.557 

0.609 

0.655 

0.735 

0.804 

1.061 

1.248 

1.310 

1.646 

80 

0.288 

0.329 

0.434 

0.513 

0.572 

0.626 

0.670 

0.755 

0.826 

1.090 

1.287 

1.438 

1.691 

90 

0.274 

0.337 

0.444 

0.522 

0.586 

0.641 

0 689 

0.773 

0.846 

1.116 

1.312 

1.472 

1.731 

100 

0.280 

0.344 

0,454 

0.533 

0.599 

0.654 

0.704 

0.790 

0,804 

1 139 

1.340 

1.503 

1.768 

150 

0.304 

0.373 

0.492 

0,571 

0.649 

0.710 

0.763 

0.856 

0.937 

1.236 

1.453 

1.630 

1.918 

200 

0.322 

' 0.395 

0.521 

0.613 

0.688 

0.752 

0.809 

0.907 

0.992 

1.309 

1.539 

1.727 

2.031 

250 

0.337 

0.413 

0.545 

0.641 

0.719 

0.786 

0.846 

0.949 

1.037 

1.369 

1.610 

1.806 

2.124 

300 

0.349 

0.428 

0,565 

0.665 

0.746 

0.815 

0.877 

0.984 

.1.076 

1.420 

1.669 

1.873 

2.254 


The next step in designing a system of piping, after the consumption or size of the various 
outlets and the best direction to run pipes have been determined, is to determine the proper 
size of pipes to install. This is best accomplished by beginning at the outlet most remote 
from the meter and working towards it. When the first branch line is reached, the proper 
size is again determined by starting at the far end of the branch and proceeding to the 
junction where the quantities of gas for the two pipes are added and the same process is 
repeated until finally the meter is reached.^ 

6. Installing Gas Pipe. — In installing pipe for gas service a few simple precautions should 
be kept in mind. Many cities have local regulations to which the installations must conform. 
Some require that all pipes and fittings which are to be covered with concrete or cinders must 
first be covered with tarred paper. When changing the direction of the run, the pipe must 
not be bent for this may cause a split of the seam. Fittings should always be used whenever 
a change in the direction is necessary. The pipes should be supported by hangers or supports 10 
ft. apart, approximately. When the horizontal runs are to be covered by a floor, the pipes 

1 Gerhard, American Practice of Gas Lighting, p. 46. 

^ H. R. Sterrett, Piping Houses for Gas Lignting, Trans, of Ilium. Eng, Soc., vol. 10, p. 208. 
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may be placed in notches on top of the joists, Fig. S. Care should be taken to avoid sags 
in the pipes for moisture and condensation will collect in these preventing the free flow of gas. 
The horizontal portions should all be sloped either towards the outlet or the meter so that 
pipes may be readily drained. 




7 Fjpe nofched 
^ in upper porrf 



ExfenBJon 
Ibr suppcrf 


board 
fbr suppxrf 


Fig. 3. — Ceiling outlet. 


Sfuddm^.^ 

Brace 

holding pipe 
fo 3tuddfr^ 



Fig. 4. — Wall outlet. 


Fixture connections extending through the walls or ceiling should have extra supports, and the measurements 
should be exact allowing the fixture to screw up tight and flush with the wall or ceiling. Fixture connections are 
shown in Figs. 3 and 4, 

Every outlet in the entire gas system must have a valve. A valve is also placed on the street side as well as 
the house side of the gas meter, Fig. 5. All large mains and branches must be provided with valves. These valves 
are invariably of the plug type. 



7. Testing. — ^After all pipe is installed in the building and before any plastering or finished 
flooring is done, the entire system of pipe is subjected to an air test of about 10-lb. gage pressure. 
All outlets are capped or plugged except one and that one is fitted with the necessary pump 
and gage. After the air is pumped in to the required pressure, any leak in the system will 
be noted by the lowering of the gage. Leaks are located by the use of soap suds, and also by 
forcing ether into piping system. Any defective parts which are disclosed by the test should 
be taken out and new material put in place. 

There are many appliances on the market which use gas as a fuel. The installation of most of these is a 
comparatively simple process. In the ease of cooking appliances, such as, hot plates, the smaller ranges, broilers, 
bake ovens, etc., the only consideration is the correct sized pipe. Some heating apparatus consuming considerable 
quantities of gas must be provided with a flue to permit the escape of the burned gases. 
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ELEVATORS 
By E. Hollander 

The purpose of this chapter is briefly to describe modern elevator equipment, including 
dumb-waiterSj escalators, inclined elevators, spiral gravity conveyors, and chutes. 

In planning a building it is very important to make a careful study of the requirements of 
elevator service, as the commercial success of a building, in a large measure, is entirely depend- 
ent upon the kind of elevator service obtained. It is therefore essential that suitable provision 
be made in the planning for the installation of elevators to meet fully the demands of the 
building. High cost of land necessitates the erection of tall buildings, which in itself presents a 
very serious problem to architects and owners, as it is necessary to make the upper floors readily 
accessible in order to be attractive. The building must have a maximum percentage of rentable 
floor area to make it profitable. This makes it necessary to install elevators best suitable for 
the transportation requirements, in order that a minimum number will be required. 

The fiirst cost of an individual elevator of the most suitable type and control may be con- 
siderably higher than an individual elevator of a type not so suitable, but when it is borne in 
mind that fewer elevators will be required, the saving in cost of fewer hatchways with enclosures 
and appurtenances, wages of operators, and cost of electric power, together with increase in 
rentals obtained by greater rentable floor space, warrants the installation of the best type of 
equipment, even without giving credit to its superior operation and control. 

The problem of vertical transportation of freight elevators is also one that must be carefully 
considered. The number of elevators, size and shape of car, location of same in relation to the 
horizontal lanes of traffic, size and location of openings, type of hatchway enclosure doors and 
their method of operation, and load, speed, and type of control of elevators constitute a very 
important problem which must be carefully analyzed for each individual installation. 

Where an elevator with a duty of 2500 lb. at 50 ft. per min. speed, with a platform size of 6 X 6 would be satis- 
factory for a freight elevator of one or two stories travel for a small building in an outlying district, used for very 
intermittent service, or where an elevator of 4000 lb. at 100 ft. speed with a platform size of 8 X 10 wo\ild be satis- 
factory for a similar size of building requiring heavier capacity, in large, modern manufacturing plants, operating 
under high production and warehouses in which a considerable amount of freight is handled, high-speed elevators 
are installed with speeds up to 450 ft. per minute and with loads up to 10,000 lb. or 12,000 lb. capacity, with plat- 
form sizes varying from 10 X 12 to about 12 X 24 ft., depending upon the kind of freight to be handled, and of 
a type that makes accurate stops at floor landings without “inching” or “jockeying.” 

During the past few years, a remarkable advance has been made in the art of elevator 
design and construction. HydrauHb elevators, with the exception of the occasional installation 
of the plunger sidewalk type, are practically no longer manufactured or installed; they have 
given way entirely to the electric elevator. Fig. 1 shows an electric sidewalk installation. 

The geared, drum-type electric elevator machines, that were heretofore installed for freight elevators, service 
elevators, and medium-speed passenger elevators, have also been practically entirely superseded by the geared 
eingle'-wrap traction elevator machines. 

The simplicity in design of the single-wrap traction machine, its adaptability to various conditions of layout, 
the development of sheave grooving that will positively maintain continued, constant traction and long life of both 
sheave and ropes, and the inherent safety characteristics of all traction machines of minimizing the possibility 
of the car or counterweight’s being drawn into the overhead work, which was possible with the overwinding of drum 
machines, caused its adaptation. 

1 , Electric Elevators. — Electric elevators are primarily divided into two classes — geared 
single- wrap traction elevators for slow- and medium-speed service; and gearless traction eleva- 
tors for high car speeds and where intensive service is required, 
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Fig. 1.— Double drum type electric sidewalk elevator. Fro. 2.— -Gearless traction passenger elevator. 

sheave and ropes and is driven directly from the worm gear through a spider, which is mounted on a heavy steel 
shaft and is securely bolted to both the worm gear and sheave. 

The gearless traction machine, as its name implies, does not employ a gear reduction between the motor and 
traction driving sheave, The sheave is mounted directly on and bolted to the armature shaft of an extremely 
slow-speed motor, resulting in a machine of very high efficiency. Fig. 2 shows a gearless traction installation. 

As previously stated, <irum machines are practically no longer manufactured, but in view of the numerous 
existing installations, a layout is shown. 


The geared single-wrap traction machine employs a worm-gear reduction between the motor and traction 
driving sheave, permitting the use of a moderate-speed motor. The traction driving sheave, around which pass the 
hoisting ropes, is provided with grooves of special design to maintain continual, constant traction and long life to 
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2. Location of Machine. — Electric elevator machines are usually located directly over. the 
top of the elevator hatchway. For installations such as residences and hospitals or where the 
construction of the hatchway is such that it wiU readily transmit sound or possible vibration, 
or where the slightest noise is objectionable, it is advisable to locate the machine in the basement. 

An overhead installation has the following advantages: Better rope leads are usually obtained; also, shorter 
length of ropes with consequent lesser cost of renewals; it eliminates the necessity of providing space for a machine 
room in the basement; it affords a ventilated and lighted machine room w'ith minimum additional cost of provid- 
ing the usual penthouse to cover overhead sheaves; and it generally reduces the overhead loads on the supports. 

Sound isolation is occasionally resorted to in cases with geared overhead alternating-current installations, as 
shown in Fig, 3. 



3 . Counterbalancing. — Electric traction elevators are overbalanced by means of a counter- 
weight which is equal to the entire weight of the car hanging on the ropes plus the average 
load, which is usually about 40 % of the maximum load. This results in an economic drive, as 
the elevator, during the greater part of the time, carries only average loadar. When the load in 
the car is equal to the overbalance, the motor is required only to overcome friction loads; when 
raising maximum loads, the motor must develop enough power to raise the difference between 
the maximum load and the overbalance-plus frictions; when lowering maximum loads, electric 
power is usually regenerated and forced back into the line. 

The counterweight of a single- wrap traction machine is secured by a number of steel ropes, which, for an 
overhead installation, run up to the top of the hatchway and over the traction driving sheaves and thence down to 
the top of the steel safety car frame, the ropes being secured to the counterweight and car frame by means of special 
hitches. 

With gearless traction machines, the roping is similar, except that two half wraps of the ropes over the traction 
driving" sheave are obtained by the use of a secondary sheave (see Fig. 4, General Arrangement of Roping for 1 : 1 
Gearless Traction Installation, and Fig. 5, General Arrangement of Roping for 2 : 1 Gearless Traction Installation). 

4 . Layout.— With a single-wrap traction machine located overhead, it is always advisable 
to proportion the car of such shape that the traction driving sheave will span the center of the 
car and counterweight, thereby eliminating the use of a deflector sheave. By this means, a 
180-deg. arc of contact will be obtained between the ropes and traction driving sheave. Gear- 
less traction machines are double wrap; this requires a secondary sheave which also serves as a 
deflector. The relation of the arc of contact and the weight of the emotv and fullv loaded car 
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must be of an amount to obtain definite traction for either of these machines. For this reason 
it is necessary not only to lay out a car of economic shape, so that passengers may readily enter 
the car or leave it but also to locate the counterweight in relation to the center of the car, so as to 
obtain the proper arc of contact. 

With large freight elevators, where it is impossible for the driving sheave to span the center of the car and 
counterweight, and an inadequate arc of contact is obtained with the use of a deflector sheave, it is usual practice 
to rope the elevator 2 : 1 by providing two sheaves in the car crosshead so spaced that the driving sheave spans 
from one of these sheaves to the sheave on the counterweight, thereby obtaining 180 deg. arc of contact on the 
driving sheave (see Fig. 19 showing the layout of garage elevator). 



Pig. 4. — General arrangement of rolling for a 1 : 1 gear- Fig. 5. — General arrangement of roping for a 2 : 1 gear- 
less traction installation. ' less traction installation. 

6. Capacity and Loading of Passenger Elevators. — The rated load of a passenger elevator 
in pounds shall not be less than the amount in Fig. 6, corresponding to the effective inside 
area of the car. 

The codes in various cities specify that the loads shall not be less than 75 lb. per sq. ft. This is based on the 
assumption that an average person occupies a 2-sq. ft. area and weighs 150 lb. It has been found, in actual practice, 
that .passenger cars for department stores, roof gardens, and subway stations are loaded 100 to 120 lb. per sq. ft. 
effective area. 
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6. Rope Compensation. — With high-rise, single-wrap traction elevators, the varying 
weight of the ropes is compensated by means of chains suspended from the bottom of the car 
and counterweight. These chains are often interwoven with sash cord in order to minimize the 
noise. With gearless traction elevators, ropes are usually installed in preference to chains, duo 
to- their quiet operation, especially in the case of high-speed installations. The use of ropes 
generally requires a pit of greater depth in order to provide space for compensating sheave-and- 
tension weight. 

7. Clearances. — It is necessary to provide proper runby clearance above the extreme top 
of the car safety frame to the underside of the machine-supporting beams. When a deflector 
or secondary sheave is used, it is general practice to provide a metal grating or concrete slab 
below this sheave across the entire hatchway, in which case the clearance should be to the 
underside of the grating or slab. It is also necessary to provide proper pit depth below bottom 



Fig. 6. — Plot showing passenger elevator carrying capacity corresponding to effective platform area. 

Note: For passenger elevators having effective platform areas above 120 sq. ft., the rated capacity shall not 
be less than 100 lb. per sq. ft. 

landing. The clearances shown on layouts in this article are made to cover the general practice. 
It should be noted, however, that in many states and cities, these clearances are governed by 
ordinances and also by the American Engineering Standards Safety Code for elevators and 
should be checked so as to comply with same. 

8. Safeties. — Electric elevators are provided with various electrical and mechanical safety 
devices, such as hatchway limit and stopping switches for automatically slowing down and 
stopping the car as it reaches the terminal landings; and safety emergency switch in the car, 
so that it can be stopped at any point in the hatchway. Safeties are installed on counterweights 
which, foi' unavoidable reasons, run above rooms or passageways. 

There are two types of car safeties — instantaneous and gradual stop. The instantaneous is of the roll type and 
is used with slow-speed elevators and should not be installed where the speed of the car is more than 150 ft. per min. 
The use of this type of safety is restricted by the codes of various cities to car speeds of not over 150 ft. per min. 

There are several types of gradually applied safeties, the one most commonly used being the wedge-clamp type 
used with moderate- as well as high-speed elevators, as shown oni,Fig. 7, together with Fig. 8, illustrating tlie safety 
governor. 

The governor is provided with electricstl switches to slow down the motor in case the elevator exceeds normal 
speed, due to high voltage or excessive load, and finally causes the machine to be stopped; but, should the elevator 
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for any reason continue to increase in speed, the operation of the governor will cause all power to be cut off from the 
motor, the brake to be applied, and the machine to stop. In case of emergency, due to parting of the ropes, the 
action of the governor will cause heavy steel safety jaws, mounted in the safety frame under the car, by degrees to 
grip the guide rails and bring the car to a smooth and gradual stop. Steel swivel gibs are inserted in the jaws to 
obtain parallel alignment with the faces of the guide rails. The gripping of the governor rope causes the drum, 
which is mounted in the safety frame under the car, to revolve. This, in turn, operates right- and left-hand screws, 
forces wedges between the rollers of the guide clamps, and causes the heavy steel jaws gradually to grip the guide 
rails. 



Fig. 7 .' — Wedge clamp type of safety. 


Another type of gradually applied safety is the flexible guide-clamp type. This type of safety may be used for 
moderate- as well as high-speed elevators, and the advantage over the wedge-clamp type is that it is quicker and 
more positive in action, without being too abrupt for safety regardless of the initial ear speed. 

Another, or special type of safety, known as the retarder type and consisting of a number of steel wires and 
retarders, is sometimes installed at the top of the hatchway, for very high rise, fast-speed elevators, and is used in 
conjunction with the regular gradually applied safety, serving as a “ top stop and snap over,” so that should the car 
for any reason run by the terminal landings, the action of the retarders will hold these members and prevent them 
from running into the overhead work. 

9. Oil Bxxff ers. — Oil bu:lffers are installed with all gearless traction elevators and with 
geared single-wrap traction elevators of about 300 ft. speed and over. This requirement should; 
however, be checked with the code of the municipality in which the installation is to be mad.e. 
Two of these buffers are provided for each elevator; one is located in the pit under the car, and 
the other hung to the bottom of the counterweight. These buffers are designed to bring the 
car and counterweight to a gradual and positive stop by absorbing the energy of the moving 
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parts when travelling at the tripping speed of the governor. The buffer consists of a piston, 
which, in its movement, forces oil through carefully calculated, graduated openings from one 
chamber into another, thus offering a predetermined resistance to motion (Fig. 9). 

10. Micro Leveling. — The difficulty of cars making accurate landings has long been a 
stumbling block and not until the advent of the micro-drive or self-leveling elevator was 
this feature automatically accomplished. 

With micro -leveling elevators, accurate stops 
are automatically made by the car itself, 
and maintained at the floor landings regard- 
less of stretch of ropes, or load in the car, or 
speed. 


Fig. 8. — Safety governor with switch. 


Fig. 9.— Otis patented spring return oil buffer. 


The importance of the microleveling elevator is readily seen, as it eliminates the tripping hazard at the landing 
and results in an elevator of long life with minimum upkeep; saves considerable time in the round trip of the eleva-* 
tor, and also reduces the power consumption. 

The microleveling elevator is very essential for installations in hospitals, where it is necessary to carry invalids 
on stretchers or wheel chairs; freight elevators, on which loads are carried on small wheel trucks; and passenger 
elevators, where the automatic making of accurate stops is essential to quality and quantity of service. 

Microleveling may be accomplished by means of a machine that is provided with an auxil- 
iary microdrive or by means of leveling through the main motor. 

11, Operation. — Hand rope and other forms of mechanical control formerly used with 
slow-speed elevators are rapidly being replaced by car-switch magnet control and also by double- 
button control — car-switch control is more flexible and easier to operate. 

Double-button control is very advantageous and used with slow-speed freight elevators where the installation 
does not warrant an operator. With this control, the car is called to the floor by the constant pressure of an up or 
down hall button and sent to a floor by the constant pressure of an up or down button in the car. The hatchway 
openings are protected by means of manually operated doors or gates which are equipped with mechanical looks and 
electric contacts, designed to prevent the operation of the car when any of the gates are open and to prevent the 
hatchway doors or gates from being opened, except when the car is at that floor. 

Moderate- and high-speed elevators are all provided with full magnet control, employing a switch in the car, 
or push buttons in the car or at the landings for automatic operation — the trend being automatic operation in various 
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forms, such as regular automatic elevator for residences and small apartments, collective automatic control for 
apartments and hotels where the service is more intensive, department-store control, and signal control for high- 
speed intensive service in office buildings. 


12. Control.' — There are two types of control now 
in use the TfiBostcitic or TBsistGTicc contTol and, the 
muUivoltage control. 

The rheostatic type of control includes all controllers 
employing resistance for the purpose of controlling the elevator 
motor during the acceleration and retardation periods. With 
rheostatic control it is impossible to obtain the highest rates of 
acceleration and retardation because these vary with "varying 
loads. This type of control is not so efficient as unit multivoltage 
control and is wasteful in power consumption caused by the cur- 
rent’s passing through resistances. Rheostatic control is now 
used practically only with slow- and moderate-speed elevators; 
whereas, unit-multi voltage control is used for the highest class 
of operation and also where intensive service is required. 

Unit-multi voltage control employs an individual motor- 
generator set for each elevator, for providing variable or gradu- 
ated voltage to the elevator motor. Automatic acceleration and 
retardation is obtained magnetically and independently of the 
operator or load in the car, resulting in practically constant time 
acceleration and retardation. With this control, the highest 
rates of acceleration and retardation are obtained and without 
discomfort to the passengers, eliminating the “sinking spell” so 
common with other types of control. Its use is very essential 
where the highest quality of operation is desired and where 
intensive service is required. With this control, no current is 
passed through resistances, as with rheostatic control, resulting in 
economic operation. Further economy is obtained by applying 
graduated voltage to the brake and control magnets. Unit- 
multivoltage control has a further advantage in that it can be 
equally applied to alternating-current as well as direct-current 
supply, the driving motor of the generator set being wound to suit 
the characteristics of the power supply, the generator always 
being of the direct-current, multipolar type. 

Heretofore, where only alternating-current power supply was 
available, it was necessary to provide either a straight alter- 
nating-current elevator machine, which is restricted in speed and 
also very wasteful in power, or a direct-current elevator machine, 
receiving constant voltage supply from an alternating-current- 
direct-current motor generator. In either case, rheostatic type 
of control was provided, which limited the quality of operation 
and service obtained. 

A unit-multivoltage gearless traction installation is shown in 
Fig. 10. 

13. Automatic Push-button Elevator. — Prior to 
the advent of microleveling, the automatic push-button 
elevator was limited to very moderate speeds, owing 
to the difficulty of making stops with any degree of 
accuracy. With microleveling, materially increased 
car speeds are possible. This naturally opened up a 
very wide field in its application to various types of 
controls, so that we now have automatic elevators 
for residences, apartment houses, hotels, office build- 
ings, and for heavy-duty freight service. The auto- 
matic elevator has its advantage in that it dispenses 
with the use of an operator. 



Fig. 10. — -Gearless traction unit multi-voltage 
control passenger elevator installation. 


With automatic push-button control, a single button is provided at each landing, and a full bank of buttons, 
including a stop button, in the car, corresponding to the various floors; car gate with electric contact and electric 
interlocks on each hatchway door; together with a retiring cam on the car. The pressing of a hall button will bring 
the car to the floor, provided it is not in use and all the hatchway doors are “closed and locked” and the oar gate 
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closed. The passenger, on entering the car, is required to close the hatchway door and car gate before pressing the 
button in the car corresponding to the .floor desired. On pressing the button, the car automatically proceeds to and 
stops at the desired floor. No one can call the car from the hall until after the car has stopped at the floor and the 
car gate has been opened and closed. 


Fig. 11. — Geared single wrap traction push button, elevator. 


The retiring cam on the car is either motor or magnet operated and serves to lock and unlock the door at which 
the oar is standing and prevents a hatchway door from being unlocked as the car passes the floor. It is the “master 
key" for all hatchway doors. Reliable interlocks should bo provided on all hatchway doors and an electric contact 
on the car gate. The electric contact on each door lock should be made integral with the looking member, so that 
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the door will be not only closed but also locked before the car can be operated. Fig. 11 is a geared single- wrap 
traction push-button installation. 

14. Dual Control. — When the service requires an operator only part of the time, an operat- 
ing switch is provided in the car in addition to the push buttons, in which case, by means of a 
throw-over switch, the push buttons in the hall are connected electrically to an annunciator in 
the car. This is known as dual control. 

16. Special Automatic Control. — A special form of push-button control has been developetl 
for freight and warehouse work, where the service will be limited to stopping, on any given trip, 
at only one floor besides the starting floor. 

With this control, dispatching buttons corresponding to each floor for each elevator are located on the main 
floor, preferably sot into a table, at which a dispatcher sits within full view of all elevators. As a car is loaded, the 
dispatcher, by touching the proper button, sends it to the floor destination, either with or without any person 
accompanying it. When that floor is reached, the car stops automatically, and an automatic hoistway door- 
operating machine raises the door, which is of the vertical type. When the trucks are run off by the attendant 
at that floor, and any other trucks which may be ready have been run on, the attendant touches a door release 
button, which permits the door to close, at a safe speed, by gravity. When the door is closed, touching a second 
button dispatches the car to the main floor, where, upon the door’s being opened, the cycle may be again started. 
The same gate machine operates all the doors on the same side of a given elevator, a selective device, which operates 
through the floor controller, and separate clutch connections for each door, permitting it to open only one door at a 
time, and that the door of destination. 

16. Collective Automatic Control. — For installations where automatic operation is advan- 
tageous but where the height of the building or the “traffic demands ” are such that the regular 
automatic control just described is inadequate, owing to the fact that when a car is being sent or 
called to a floor it passes other floors for which similar calls have been made, a new type of 
control was developed, known as collective automatic control, which, in combination with unit 
multivoltage, results in a control far in advance of that which heretofore was obtained. Very 
high, car speeds are not possible with microleveling, thereby making automatic operation not 
only possible but also desirable for buildings where heretofore this type of equipment would 
not be used. 

With collective automatic control, the car stops and collects all calls made at the various landings, when it is 
travelling in the direction for which an up or down hall button has been pressed, provided they have been pressed in 
ample advance of the car’s reaching the landing. The car also stops at all floors for which car buttons have been 
pressed and in the order that these floors are reached, irrespective of the sequence in which the buttons have been 
pressed. Should the car be fully loaded on its descending trip, it will automatically pass floor landings for which 
calls have been made for this direction but on its next descending trip will collect such calls. It is necessary only to 
press an up or down hall button once; the car will always respond to the call. 

After the car has answered all calls and discharged the last passenger, it will either remain at the floor where it 
last stopped or automatically return to a predetermined home station, as may be desired. 

The motor generator is automatically started by the pressing of a hall button or upon a passenger’s entering the 
car, and when it has attained full speed, the car will respond to the hall call or to the pressing of a car button. The 
motor generator will run continuously for a predetermined adjustable time after the elevator has completed its trip. 

The elevator is provided with interlocks, retiring cam, car gate, and contact, similar to an automatic push- 
button elevator, and the standard equipment also includes manually operated door closers and a car platform of a 
design such that when there is no load in the car and the car gate is open, the car can be called by the pi^esaing of 
any hall button. When there is a load in the car, however, the car gate must always be closed in order for the 
elevator to be operative. In either case, all hatchway doors must be closed and locked. 

17. Collective Automatic Control for Intensive Service. — For installations where “traffic 
demands'’ require more than one elevator, it is advisable to locate these elevators in pairs, an 
arrangement which permits a very flexible arrangement of home stations: as, for example, in an 
apartment house, the morning traffic being in the down direction, the home stations of both 
cars should be at the top ; in the early part of the evening, when the tenants are coming home, 
the home stations should be located at the entrance floor. The flexibility of this arrangement 
allows the use of one car when traffic is light and the calling into use of the second car auto- 
matically when traffic is heavy. 

18. Signal Control. — The trend of the present times, with elevators as well as with other 
types of industrial equipment, is toward automatic operation, where important functions of 
operation are accomplished with precision and promptness and are not dependent upon the 
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mental and physical alertness or sluggishness of an attendant or operator. This condition 
brought about the development of automatic signal control for elevators and was made possible 
only by the use of microleveling in combination with unit multivoltage. Signal control is as 

fuUy automatic as it is possible to make an elevator con- 
trol for intensive service. 

As buildings increased in size, due to high land values, 
architects and owners were confronted with a very serious prob- 
lem of making the building commercially successful by providing 
high-class elevator service without sacrificing too much rentable 
floor space. This has intensified the demand for automatic signal 
control, which may be used for any number of elevators. The 
name “signal control" is given because the waiting passengers 
at a landing actually cause the stopping of the car, instead of 
signalling the operator in the ear to do so. All that the operator 
or attendant in the car is required to do is to press the car buttons 
and initiate the starting of the car — acting as a guard. 

The passengers on entering the car advise the attendant of 
their desired destination, and regardless of the order in which he 
presses the buttons in the car, it will automatically stop in 
proper sequence at the floors for which buttons have been 
pressed, and the stops are made level with the floor landings. 

At each intermediate floor landing there are two stopping 
buttons for all cars in a bank, one for the “up" direction and 
one for the “down" direction, except at the terminal floor land- 
ings, where only one button is necessary. There is also provided 
at each intermediate floor an up and a down signal lantern for 
each car, except at the terminal floors, where only a single lantern 
is necessary. 

The car is stopped at a floor by the momentary pressing of a 
hall button by a waiting passenger at that floor or by the attendant 
in the car pressing the buttons in the car as called for by pass- 
engers as they enter the car. 

When the attendant receives a signal from the dispatcher to 
start the car, he moves the small switch handle in the car- 
operating panel, which causes the power-operated car and hatch- 
way doors to close. The instant , these doors are closed, the car 
automatically starts and proceeds on its trip, and when it 
approaches the first landing for which a button has been pressed, 
either in the car or at that landing, it automatically slows down 
and stops level with the landing. The car and the hatchway 
doors open automatically while the car is leveling. After pass- 
engers leave or enter the car, the operator moves the small switch 
handle, causing the car and hatchway doors to close, and again the 
car starts and will automatically stop at all floors at which car oc 
hall buttons have been pressed. 

Should a car be behind in schedule or fully loaded, the oper- 
ator, upon pressing the “non-stop" button in the car-operating 
panel, permits the car to pass the landing for which a hall button 
has been pressed. In this event, the signal remains registered, and 
the call is automatically transferred to the next oar travelling in 
the desired direction, which will answer the call. 

With signal control, when a waiting passenger presses a hall 
•Fig. 12.— Single control gearlesa traction biiWon; ‘he nearest available car wiU always respond to the call, 
micro-drive elevator. which is not always the Case with the older method of signalling to 

the operator in the car, where the stopping is dependent upon his 
whims or his knowing that the signal has been given. As the car approaches the landing at which it is to stop, a 
hall signal lantern automatically illuminates, indicating to the waiting passenger which car will stop in response to 
his call. The signal light is automatically extinguished the instant the oar leaves the landing. 

When the car arrives at the terminal landing, its direction of travel is automatically reversed after stopping. 
A switch may be provided at the dispatcher’s station automatically to reverse the travel of the car at a predeter- 
mined intermediate floor landing, should it be desired. 

A switch is also provided at the dispatcher’s station, so thal; where a oar travels below the ground-floor landing, 
it may be automatically reversed at either the ground floor or the bottom terminal landing when desired. 

A switch is provided in the oar-operating panel by means of which the attendant in the cax may reverse the 
direction of travel of the car at any floor without completing the full trip, should it be desired. If, for any reason, 
it is desired to operate the car at a reduced speed, especially in case the car is travelling ahead of schedule, the speed 
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of the car may be reduced by means of a “slow-speed” switch provided in the car-operating paneL A switch is 
provided in the car-operating panel by means of which the car may be operated at leveling- or microspeed when 
necessary. 

The advantages of automatic signal control may be briefly summed up as follows; 

Signal control is fully automatic; the attendant 'Only presses the buttons in the car and moves the small switch 
handle to initiate the closing of the car gate and hatchway door — practically serving only as a guard. 

Signal-control elevators are always dependable, always responding to the calls made by the momentary press- 
ing of hall buttons by waiting passengers. The car always stops level with the landings — eliminating the tripping 
hazard. 

With signal control, the hail lights for each hatchway door are an integral part of the system and always illumi- 
nate in correct advance of the stopping car. The older systems have separate signal mechanisms, requiring com- 
plicated devices in attempting to adjust and correct the inherent inaccuracies of the signals, and even with these 
devices, the signals very rarely function correctly. 

With signal control, a waiting passenger presses a hall button but once — a car is always sure to stop at that floor. 
With the older systems, a waiting passenger has to press the hall button repeatedly in order to obtain the attention 
of the operator. 

Automatic signal control provides the smoothest, most accurate and rapid transportation and will transport 
more passengers in a given time than any other kind or type of elevator; hence, a lesser number are required, leaving 
a greater amount of rental floor space in the building. Fig. 12 shows a signal control gearless traction micro-drive 
installation, 

19. Department-store Control. — The application of automatic control in modified form is 
now applied to department-store elevators in what is known as department-store control. This 
type of control is used in combination with microleveling and unit multivoltage. The cars are 
provided with an operating switch with a safety handle, which, when released by the attendant 
will cause the car to stop at any point in the hatchway. 

When the operating switch is moved to the “start” position, the car gate and hatchway door will automatically 
close, and when they are closed, the car will start and accelerate automatically. The closing of the car gate and 
hatchway door can be arrested at any point and reopened by moving the operating switch to the “open” position. 

When the operating switch is moved from the start to the “off” position, the car will slow down automatically 
as it approaches the microleveling zone and automatically stop level with the floor. While the car is leveling in the 
microleveling zone, the car gate and hatchway door are opened automatically. 

If, while the car is in motion, the operating switch is moved from the start to the close position, the car will 
stop level with the next floor, and the car gate and hatchway door will remain closed, unless the operating switch is 
then moved to the open position. 

The car is started, without opening the car gate and hatchway door, by moving the car-operating switch from 
the close to the start position. 

Floors may be passed without stopping by holding the operating switch in the start position. 

The car will slow down and stop automatically at the terminal landings, and the direction of travel will be 
reversed automatically. 

The direction of travel may be reversed at any intermediate floor by means of the reversal switch in the car- 
operating panel. 

The car may be operated at slow speed by means of the slow-speed switch in the car operating panel. 

A microswitch is provided in the car-operating panel by means of which the car may be operated at microspeed 
independently of the main controller. 

“Up-down” signal lanterns are provided over each landing door at the intermediate floors, and single lanterns 
at the terminal floors. These lanterns are illuminated a predetermined distance in advance of tne arrival of the car 
and are extinguished automatically as the car leaves that floor. 

20. Hatchway Construction. — Freight elevators having a travel of more than two floors 
above the main floor, and all passenger elevators, should be installed in fire-resisting hatchways, 
conforming to the requirements of local laws and ordinances. 

All landing openings in a fire-resisting hatchway enclosure should be provided with fire-resisting doors, panels, 
or fronts which comply with local laws and ordinances. 

Projections extending inward from the general surface of the hatchway enclosure, and which are opposite a car 
entrance, should be beveled on the underside or guarded with metal plates or by wood faced with metal of not 
less than No. 11 U. S. gage. The angle of such bevel or guard plates shall be not less than 75 deg. with the hori- 
zontal. If plates or guards are used, they should be smooth and permanently fastened to the hatchway enclosure. 

With microleveling elevators, where the projection extends inward from the general surface of the hatchway 
enclosure opposite a oar entrance, there shall be provided a substantial metal vertical face of not less than No. 11 
U. S. gage, made flush with the projection and extending downward a distance not less than the bottom of the micro- 
leveling zone and beveled at the lower edge at an angle not less than 75 deg. with the horizontal. 

Recesses other than windows and landing openings in the general surface of the hatchway enclosure, which are 
opposite a car opening, shall be filled in flush with the general surface of the hatchway. 
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The hatchway enclosure adjacent to a landing opening should be of sufficient strength to support in true align- 
ment the landing doors and gates with their operating mechanisms and interlocks. (Reference to Safety Code for 
Elevators approved by the American Engineering Standards Committee.) 

20a. Hatchway Enclosure Boors for Passenger Elevators. — No automatic fiic 
door, the function of which is dependent upon the action of heat, shall lock any landing opening 
in the hatchway enclosure of any passenger elevator, nor any exit leading from any hatchway 
landing door to the outside of the building. Landing openings in passenger-elevator hatchway 
enclosures shall be protected by sliding doors, combination sliding and swinging d6ors, or 
swinging doors. No hardware, except that required for interlocks, operators, indicators, 
and signal devices, shall project beyond the line of the landing threshold. 

206. Hatchway Boors and Gates for Freight Elevators. — ^Landing openings in 
freight-elevator hatchway enclosures should be equipped with doors or gates, set as nearly as is 



Fig. 13. — Shaftside view showing manner of supporting counterbalanced door in un open position. 

practical flush with the hatchway. If doors .are used, they should comply with the fire-resisting 
requirements for doors in such enclosures. “ 

Landing openings in the outside walla for a building should be equipped with doors complying with the fire- 
resisting requirements for doors in such walls. . . . 

Hatchway gates, when made of grille, lattice, or other openwork, shall reject a ball 2 in. in diameter. Collap- 
sible gates are not recommended but if used shall be so made as to prevent accidents due to shear. 

Full automatic gates should be used only at tenuinal landings, with elevators operating at a spfjed not in excess 
of 75 ft. per min. Full automatic gates or doors should not be closed by the direct action of the car; their speed in 
closing may, however, be retarded by the car. 

Semi-automatic gates or doors should be provided with a locking device which will prevent the normal opening 
of gates or doors unless the car is at or near thb landing. 

Gate or door counterweights should run in metal guides from which they cannot become dislodged or should be 
boxed in. The bottom of the guides or boxes should be so constructed as to retain the counterweight should the 
counterweight rope break. 

The laws of most cities require that all freight-elevator shafts must be protected against accident and the 
spread of fire. 

Counterbalanced doors of the iron-clad' or cbkrugated-metal type are found very effective not only as a guard 
but also for fire protection. These dooramay be manually or power operated, and when power operated, they may 
also be arranged to open automatically as the car approaches the landing at which it is to stop. They should be 
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provided with electric interlocks. In cases where a regular operator is not employed, it is advisable to provide 
the small vision panel in the doors so that the elevator car may be seen from the landing. Fig. 13 shows the shaft- 
side view of a counterbalanced door in the open position and of a type where the upper member of the lower half of 
the door serves as a truckable sill. 

20c. Steel Guide Hails. — The use of steel guide rails is recommended for all 
elevators. Wood guides are practically no longer used, even for slow-speed freight elevators. 
Various elevator codes practically preclude the use of wood guides. 

Steel guide rails are made in the following sizes; 

Size, inches Pounds per linear foot 

31^X2K6X^ 7.8 

5 X 33^ X 15 

53^ X 5 X IK 30 

The weight of the guide rails should not be less than given in the following table: 


Weight Per Linear Foot op Each Steel Guide Rail 


Total weight of car and load 
Total weight of counterweights 

Minimum weight 
of each car guide 
rail, pounds 

Minimum weight of each counterweight guide rail, 

. pounds 

Per pair of rails 

With guide- 
rail safeties 

Without guide-rail safeties 

Above, 

pounds 

To and including, 
pounds 

1: 1 
roping 

2: 1 
roping 

0 

4,000 

7H ! 

m 

63^ 

63^ 

4,000 

15,000 

14 1 

14 

73^ 

7H 

15,000 

40,000 

30 

30 

7>^ 

14 


Guide rails, particularly where in contact with the guide shoes when the car is at the landing, shall be securely 
fastened with iron or steel brackets (or their equivalent), of such strength, design, and spacing that the guide rails 
and their fastenings will be rigid. 

Guide rails should be of such size and strength as readily to withstand the application of the safety when 
stopping a fully loaded car or the counterweight. The guiding surfaces of the rails upon which safeties operate 
shall be finished smooth, and the joints should be tongued and grooved. When the distance between the fastenings 
is excessive, backing should be used on the main rails. This backing is not necessary when the brackets can be 
fastened to substantial brick and concrete walls, 

20(f. Methods of Fastening. — Brackets must be securely fastened to steel 
framing or masonry walls. Terra-cotta walls must not be used as a support for brackets. 

Bond blocks and malleable-iron inserts should be used for fastening brackets to masonry walla whenever it is 
possible to have them set when the wall is erected. When neither bond blocks nor through bolts can be used, 
expansion shells can be used for fastening bracket bolts. 

Holes for expansion shells must be drilled carefully to the correct diameter and in a solid portion of the wall. 
Holes carelessly drilled or located in a soft portion of the wall will cause an insecure fastening Expansion bolts 
must not be used for fastening brackets of large freight or automobile elevators when they can be fastened by bond 
blocks or through bolts. 

When main rails are erected back to back, with steel separator beams between them, intermediate rail clamps 
are used, if the distance between the brackets is excessive. 

20e. Interlocks. — It is very important to note the necessity of providing ade- 
quate interlocks with all passenger elevators, as it has been proved by statistics that nearly 
all accidents occur at the hatchway doors. This provision is now so far reaching that it is 
practically universally required by codes. 

The essential characteristic of interlocks is that the hatchway doors must not only be closed but also locked in 
order for the elevator to be operated, except that with microleveling elevators when the car ir in the microzone and 
leveling toward the floor, the door may be opened at that landing. 

20/. Door Closers and Accessories. — Modern elevator equipment also includes 
signal lanterns, position indicators, annunciators, starter’s call back, mileage recorders, auto- 
matic guide lubricators, and door closers for hatchway doors. 
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These closers are either manually or power operated, assure the positive closing of the doors, and also prevent 
slamming. It is necessary to provide adequate space and supports for these devices. The layouts shown in this 
article do not show special provisions for the door closers. 


21. Automatic Dumb-waiters. — Automatic dumb-waiters are practically miniature 
elevators, with control and safety features designed for this class of service. Their use covers a 
very wide field of application, and they are installed in buildings such as hotels, hospitals, 
restaurants, clubs, Kbraries, commercial buildings, etc. 

A dumb-waiter installation consists essentially of hoist machine, floor controller, main 
controller, car and guide rails, counterweight, door locks and contacts, and doors. 

The duties depend upon the class of service and height of travel. The loads vary from 50 
to 500 lb., and the speeds from 50 to 400 ft. per min. 

21a. Control Systems. — There are several types of control systems furnished, 
the proper type to be selected for a given installation depending upon the service requirements. 
The systems are as follows : 

1. Multibxitton control, 

2. Limited multibutton control. 

3. Call and return control. 

4. Central-station group control. 

Multibutton Control — At each floor there is provided a push-button box containing a bank of buttons. The 
buttons are numbered to correspond to the floors served by the car. One button at each floor will be the call 
button. For example, at the fourth floor the call button will be No. 4, and at the fifth floor No. 5, etc. It is thus 
understood that there will be one call button in each bank, the others being send buttons. When the car is at rest 
and the door closed, it may be called to any floor by pressing the call button. All buttons are inoperative while 
the car is in motion and for a few seconds after the car stops, to allow time to open the door, also while the door 
is open. 

When the car stops at a floor, a pilot light carried by the car gives notice of its arrival, and the door, being 
electrically unlocked, may be opened. When the door is again closed, the attendant at the floor may send the car 
to any other floor, and the car may also be called to any other floor by means of the call button. The send buttons 
are inoperative at all floors except when the car is at rest. 

Limited Multibutton Control. — This system provides a full bank of buttons at one floor only. At the other 
floors there are furnished a call button and one or more send buttons, as required by the service. The operation 
otherwise is identical to the multibutton. Usually, one call button and one send button at the other floors will 
answer the requirements. 

Call and Return Control — At one floor there is provided a bank of push buttons corresponding to all floors 
served by the car. This, the home station, may be at the bottom floor or any other floor desired. On each of the 
other floors there is a call button. 

If the doors are closed and the car is not in use, it may be called to any floor by pressing a call button. 

All buttons are inoperative while the car is in motion and for a few seconds after it stops to permit the door to 
be opened, also while the door is open. 

When the door is closed, the car will automatically return to its home station. 

With this arrangement the car may be sent to any floor from the home station by pressing any one of the send 
buttons, and it will automatically return after a time interval has elapsed, if the door has not been opened. If the 
door is opened, the car will remain at the floor indefinitely. Upon closing the door, it will automatically return 
to the home station. 

Central-station Group Control. — This type of control is recommended , where two or more dumb-waiters are to 
be controlled by a single operator or dispatcher stationed on one floor — the bottom floor, for instance — or it may 
be used for a single car. 

At each of the floors, except the home station, there is provided a single buzzer and a single call button. At 
the home station, where the operator or dispatcher is in charge, there is provided a multi jack operating box for 
each car, a bank of push buttons, and a call annunciator. When one of these jacks is plugged, the car will auto- 
matically go to that floor. If the plug is removed while the car is in motion, the car will stop. 

' Each operating box has a signal lamp which gives three signals: 

Bright, car running. 

Dim, car stopped. 

Extinguished, door open. 

With this arrangement, the operator or dispatcher is aware of the conditions from the signal lamp, while the 
position of the car is indicated by the plug. 

The bank of push buttons at the home station is connected to the floor buzzers, to signal to the floor attendants 
that the car has arrived at the floor or that the door should be closed. The pressing of the call buttons at the floors 
register calls in the annunciator at the home station. With this system, the floor attendants may signal for a oar,. 
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open and close the doors, and load and unload the cars; otherwise, the entire control is handled by the operator or 
dispatcher at the home station. 

Dumb-waiter machines should preferably be located at the top of the hatchway, although they may be located 
at the bottom of the hatchway, if necessary. 

The dumb-waiter car should be made of sheet steel, preferably spot welded and riveted, and should be 
reinforced with an angle-iron frame. The cars are usually provided with one or more removable shelves. 

The interior of the car should be illuminated with an electric lamp, so that the car may be seen through the 
vision panel of the door when it arrives at the floor. 

One set of steel guide rails is provided for both the car and counterweight, the cold-rolled steel-beam section 
being preferable for this use. The rails should be joined together by fish plates and securely fastened to the hatch- 
way construction. 

Two types of door locks are furnished: (1) a mechanical lock in conjunction with an electric door contact, 
which should be used only for two-stop dumb-waiters and where code requirements permit its use. This combina- 
tion of mechanical lock and electric contact prevents the door from being opened except when the car is at the flloor 
and also prevents the operation of the dumb-waiter when any of these doors are opening; (2) the other type is 
a combination electromechanical interlock. The electric contact is interlocked with the locking member so that 
the contact is closed only when the door is closed and locked. 

216. Doors. — There are three types of doors that may be used — ^namely, stand- 
ard vertical-sliding, vertical-sliding biparting doors (Peelle type), and swing doors. 



Fig. 14. — Dumbwaiter machine and floor controller. 


The Peelle door has the advantage of requiring half the movement to provide a full opening. The swing door 
is not often used, as with this type of door it is difficult to attach the locks, etc. The doors should provide a clear 
opening 42 in. high, the inside height of the car, and should be provided with a small vision pane of wired glass 6 
or 8 in. square or round, in order that the car may be seen when it arrives. . It is important that the door bucks on 
all the various floors be in perfect vertical alignirient. Fig. 14 shows dumb-waiter machine and floor controller. . 

22. Escalators. — The escalator is virtually a moving stairway and owes its success to its 
continuity of motion, its great capacity, and the small amount of current consumed for each 
passenger carried. It is always ready to receive passengers, there is no time lost in loading, 
starting, stopping, and unloading; consequently, it has great carrying capacity, which varies, 
depending upon the width between the moving hand rails. 

The escalator consists essentially of the following parts : , 

1. The running gear, or moving steps, which convey the passengers. 

2. The track system, which supports the running gear. 

3. The balustrading provided with hand rails moving at the same speed as the moving 
steps. 
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4 The drive, or machinery, necessary to operate the moving steps and hand rails. 

5. The safety features designed to stop the escalator automatically in cases of emergency. 

6. The structural-steel truss, or the skeleton, on which the escalator parts are carried. 

There are two major types of escalators in use — the flat-step type, and the cleat-step type. On the flat-step 
type of escalator, the step appears from under the floor at a lower landing as a moving platform, then, as it goes 
upward, it slowly forms into a perfect series of steps, rising into a complete stairway. On each side there is a hand 
rail of flexible material, which moves upward at the same speed as the stairs, thus affording the passengers a secure 
support as they ascend. At the top, the steps again flatten out into a moving platform, from which the passengers 
step to a stationary landing on the same level, with no appreciable sensation other than that experienced in walking 
on the level. The ascending escalator is provided with a shunt at the upper landing which affords a place 
where the moving platforms may disappear and af the same time guides the passengers off the escalator. This 
shunt is built in two styles, namely, the triangular shunt, which permits passengers to get off either side of the escala- 
tor; or the side shunt, which is built either right or left— depending upon building conditions — and permits pas- 



Fig. 16. — Upper landing of flat type escalator, triangular shunt. 


sengers to go off from one side of the escalator only. On the descending escalator, the shunt is located at the 
bottom landing, and on the reversible-type escalator, shunts are located at the top and bottom landings. This 
type of escalator, due to the use of the shunts, requires more floor space than the cleat-step escalator. Fig. 15 
shows the upper landing of a flat-type ascending escalator, provided with the triangular shunt, and also at the same 
time shows the lower landing of another ascending escalator directly in back of same. 

The cleat-step escalator combines the best features of both the older cleat-step-type escalator and the flat- 
step types. Its principal features are the perfect horizontal step formation of the flat-step type and the comb land- 
ings at the top and bottom landings so as not to require the space on the floors needed for the shunts used on the 
flat-step type. The steps are of the same construction as the flat-step type but have longitudinal cleats fastened 
to the steps, so as to permit the use of the comb landings. This type of escalator should not be confused with the 
older cleat type, as this type has a horizontal formation of steps, as shown in Pig. 16. One of the features of this 
type of escalator is that it is always made reversible, so that it can readily be operated in either direction. 

Escalators are built in three widths — 2. 3, and 4 ft. between the fixed balustrading. The angle of incline is 
30 deg. from the horizontal, and the escalators operate at a speed of 90 ft. per min. The normal carrying capacity 
of the escalators is as follows: 2 ft. wide, 4000 passengers per hour; 3 ft. wide, 6000 passengers per hour; and 4 ft. 
wide, 8000 passengers per hour. 

The type of escalator most commonly installed is the cleat-step type, due to its reversible feature and the mini- 
mum space required for the installation. It has the further advantage of having straight landings at the top and 
bottom, so that passengers can walk directly on and off. It also does not require the use of shunts. 
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Escalators are found to be very advantageous in department stores, railway and subway stations, industrial 
buildings, theatres, amusement parks, restaurants, and wherever a large number of people must be handled in' a 
minimum amount of time* and their use has proved to be exceedingly satisfactory for installations of this type. 

22a. Department-store Escalators. — In the modern department store, both 
escalators and elevators are installed so as to provide the maximum amount of service with the 
minimum amount of equipment, and they are so arranged and located that the escalator should 
be the first choice when the customer enters the store, thereby relieving the elevators of the 
heavy interfloor traffic. The equipment installed should be so located that proper balance will 
be obtained between escalator and elevator traffic. Up and down escalator service should be 
provided to all retail-sales floors. The trip up in the escalator gives the passengers a broad 



Fig. 16. — Escalator in Macy’s store. New York City, 


view of the entire floor and helps to familiarize them with sections of the store they might not 
otherwise visit. 

It has been found from actual experience in a large number of stores that where escalators 
are installed in conjunction with elevators a great many more persons who enter the store 
circulate above the ground floor than in stores where only elevators are installed. 

It is highly important when the building is planned to arrange the steel work so that in 
case escalators are not installed when the building is erected they can be added at a later date 
without remodeling the structure. 

226. Railway- and Subway-station Escalators. — In many railway and subway 
stations, the topographical conditions make it necessary to have the stations high overhead or 
far underground. In these cases, means of vertical transportation must be provided by the use 
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of either elevators or escalators. In most cases, these distances are such that the use of esca- 
lators is the most suitable means of transporting the passengers. The problem to be solved 
involves not only the carrying of the passengers upward in comfort and without exertion but 
also the very important time element. There must be no delay in moving the passengers, not 
only because of the time which they individually would lose but also because the train platforms 
are usually limited in area. The headway between trains is small, and in the majority of cases 
all the passengers from one train must be moved before the next train arrives. 

22c. Industrial -building Escalators. — The use of escalators has been found 
desirable in large industrial buildings where it is necessary to carry a considerable number of 
employes to and from the various floors of the plant within a minimum amount of time. 

23. Inclined Elevators. — The subject of freight handling is a very broad one, and the type 
of apparatus best suited to the work dependent upon the conditions in each individual case. 
In addition to vertical elevators, the inclined elevator has been found to be very useful for 
handling merchandise loaded on two-wheel hand trucks, as when loading and unloading from 



Fig. 17. — Double file incline elevator in a large department store. 


the pier to the steamer where there is a varying difference in level between the deck and pier. 
It is also useful for the transfer of merchandise from shipping room.s to delivery platforms, such 
as in department stores where containers on wheels are used as storage bins in the shipping room 
and transferred to the delivery platform. Fig. 17 shows a double-file inclined elevator carrying 
trucks from shipping room to store level in a department-store installation. 

24. Spiral-gravity Conveyors.—A spiral-gravity conveyor consists of a fibced spiral blade 
within a circular shell, used for conveying merchandise, such as packages, boxes, etc., by 
gravity from upper floors. 

Spiral-gravity conveyors are built in two styles — open type and closed type. The open 
type consists of a vertical center core, spiral blade, and outside guard. The height of the 
outside guard depends upon the size of merchandise to be conveyed. The open-type conveyor 
is usually furnished only with single-blade-type conveyors. The closed conveyor consists of 
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a vertical center core, spiral blade, and outside shell completely surrounding the conveyor in its 
entire vertical height. This type of conveyor is provided with single, double, or triple blades. 


The outside diameter of conveyors depends upon the size and type of merehandise to be handled and usually 
varies from about 3 ft. 6 in. in diameter up to about 20 ft. The average diameter of conveyors for department-store 
service is from 6 to 7 ft., and they are of the two- or three-blade type. 

The inlets and outlets to the conveyor are located to suit the loading and unloading facilities in the building. 

For the typical department-store installation, having three blades, the following operation is used: Blade No. 
1 is known as an outgoing blade and handles all the sold merchandize from the upper floors to the delivery room and 
usually has inlets at all floors with one outlet feeding to the delivery room. The other two blades are known as 
stock blades and are used for sending merchandise from the stock rooms to the selling floors. They are usually 
arranged as follows: The first stock blade has inlets at the stock-room floors and one outlet at the first floor. The 
second stock blade feeds the second floor. 

When it is desired to make provisions for sending merchandise to the other intermediate floors, switch plates 
are provided in the conveyor at these floors. A swatch plate is practically a hinged shelf moimted on the conveyor 
shell and arranged to be thrown in and out of position manually when it is desired to receive merchandise at that 
particular floor or divert it to another floor. 

Conveyors have also been found very useful in industrial buildings. The size, diameter, and type of conveyor, 
number of blades, and pitch of same are items which have to be calculated for each particular installation. Fireproof 
hatchways are usually provided around the conveyor where called for by local codes, and in such cases, fire-resisting 
doors should be provided at all inlet and outlet openings and should be of a type that complies with the code. 

26. Chutes. — Rubbish and waste-paper chutes are usually provided in department stores, 
loft buildings, industrial buildings, etc., where there is a considerable amount of waste paper 
and rubbish to be sent down to the bailing room or incinerator. This type of chute consists 
of a vertical, rectangular flue, provided with a curved outlet at the bottom, so as to divert the 
material to the proper place in the bailing or incinerator room. 


Inlet hoppers are provided at all floors. These hoppers should be of a design and construction so that when 
the material is being deposited into same, the inlet door to the chute is completely closed and is automatically 
opened to discharge the material when the cover of the hopper is closed, so that in the event of back draught, none 
of this material will be blown back into the loading floor. 

26. General. — The drawings shown are somewhat conventional and sketchy. They are 
proposal layouts put out by the elevator contractor to indicate to the architect or engineer what 
is required in the way of preparation at the building for the accommodation of the elevator 
apparatus. Architects and engineers preparing building plans should consult with elevator 
contractors as early as possible in order that each situation may be considered and in order that 
proposal drawings similar to those shown above may be obtained before the building is planned 
in detail. 

The number of elevators, type of control, size and shape of the cars and grouping of same, 
and load and speed constitute an important engineering problem that should be carefully 
calculated for each individual building. 

The load reactions shown on the layouts are based on doubling the live loads for impact, 
plus the dead loads; the supports required at the reactions, and at a height shown on elevations, 
are not included in elevator work. These should always be furnished by another contractor. 
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Fig 20 — -Ono sinirle wrap traction micro-drive hospital elevator. Basement installation. Car switch operation. 

Duty 2600 lb. at 150 f.p.m. 
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Fig. 23.— Two gearless traction micro-drive passenger elevators. Unit multi-voltage control. Car switch opera- 
tion, Duty 2600 lb. at 700 t.p.m. 





SECTION 11 

MECHANICAL REFRIGERATION 

By Stewabt T. Smith 

1. British. Thermal Unit. — The unit for measuring heat is known as the British thermal unit, 
or briefly, the B.t.u. It is that amount of heat which is required to raise the temperature of 
one pound of water one degree Fahrenheit. 

2. Specific Heat. — The specific heat of a substance is the ratio of the number of B.t.u. 
required to raise the temperature of 1 lb. of the substance 1 deg. F., to that required to raise the 
temperature of 1 lb. of water 1 deg. F. 

3. Latent Heat. — The latent heat of a substance is the number of B.t.u. required to change 
the state of 1 lb. of the substance without changing the temperature. Thus the latent heat of 
freezing of a substance is the number of B.t.u. required to change 1 lb. of the substance from a 
liquid state to a frozen state at the same temperature. Also . the latent heat of vaporization of 
a substance is the number of B.t.u. required to change 1 lb. of the substance from a liquid state 
to a vaporous state at the same temperature. 

4. Measurement of Refrigerating Effect. — The commerctal unit of refrigeration is the 
ton of refrigeration and is the number of B.t.u. required to melt (not manufacture) one ton (2000 
lb.) of pure solid ice. Since the latent heat of ice is 144, the ton of refrigeration is equal to 2000 
X 144 == 288,000 B.t.u. As all refrigerating calculations are made on a 24-hr. basis, the ton of 
refrigeration per day is equal to 12,000 B.t.u. per hr., or 200 B.t.u. per min., and as 1 B.t.u. is 
equal to 778 foot pounds and 0.293 watt hours, the ton of refrigeration is also equal to the heat 

/ . (12,000) (778) ^ . (12,000) (0.293) 

given on by consuming horsepower-hours and-^^ — ~ l OQO “ 

kilowatt-hours. These last two equivalents are useful in providing for heat given off by 
machinery, lights, etc. 

6. Rating of Refrigerating Machines. — refrigerating machine is rated by the number of 
tons of refrigeration it is capable of extracting in 24 hr. at a given pressure range and a 
given temperature of the condensing water. .The usual rating is for 15.65 lb. suction 
pressure, 185 lb. discharge pressure, and 60 deg. F. condensing water. 

A refrigerating machine sometimes is listed in terms of its ice making capacity, but as the 
refrigerating capacity varies from 1.7 to 2 times the ice making capacity, depending upon the 
temperature of the water to be frozen and other variables, this term should be used with 
caution. 

6. Refrigerating Mediums. — There are two main refrigerating mediums commercially 
used; ammonia (NH3) and carbon dioxide (CO 2 ). These substances are chosen because the 
latent heat of vaporization of each of them is high and because the liquefaction point of each is 
low. 

Of the two substances, ammonia is the most widely used. Its liquefaction point is very 
low which permits the use of discharge pressure of from 150 to 210 lb. and its latent heat of 
vaporization is the higher of the two substances. Ammonia is also soluble in water, which 
makes possible the absorption system of refrigeration. The principal objection to ammonia is 
the offensive odor which it has and which is annoying when leaks occur. 

Carbon dioxide machines' are used quite frequently where small compact machines are required, but as the 
boiling point of carbon dioxide is relativdiy high, it is necessary to have the machines designed for exceptionally 
high pressures. Carbon dioxide has the advantage of having no objectional odor. 

Suphur dioxide is sometimes used beause the machines operate at a low condensing pressure, but the latent 
heat of vaporization for sulphur dioxide is about one-third that of ammonia. 

1459 
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7. Commercial Systems of Refrigeration. — There are two commercial systems of refrigera- 
tion in use: the compression system and the absorption system. The compression system is the 
more widely used. Both systems require water to extract the heat from the refrigerating 
medium. 

7a. Compression System. — The compression system is composed of the following 
parts: the compressor, the condenser, the liquid receiver, and the expansion coils. 

The compressor is a machine similar to an air compressor and is driven in the same manner. 
The average machine is designed to run at a speed of about 75 revolutions per minute. There 
are, however, machines known as high speed machines which operate at about 225 r.p.m. The 
purpose of the conipressor is to compress the gas. 

The condenser is a coil of pipes (usually of 2-in. pipe) 12 pipes high and 20 ft. long. In the 
atmospheric type of condenser (Fig. 1), water trickles over the pipes, and in the double pipe con- 
denser (Fig. 2), the gas is passed through the outer annular space while the cooling water is 
passed through the central pipe. An atmospheric condenser 12 pipes high and 20 ft. long under 
average conditions is good for 10 tons of refrigeration. It is not economical to make condensers 
more than 12 pipes high. The purpose of the condenser is to remove the heat from the gas 
and to change the state of the substance from a gaseous to a liquid state. 



The liquid receiver (Figs. 1 and 2) is a horizontal cylindrical drum which is used as a reser- 
voir for the storage of the liquid refrigerating medium. 

The expansion coils (Figs. 1 and 2) are the pipe coils in the rooms or other places where the 
cooling effect is desired and through which the refrigerating medium is circulated. These are 
usually of 13^ or 2-in. pipe. 

The cycle of operation of an ammonia compression system is shown in Pig. 1, and is as follows: The ammonia 
gas enters the compressor at a low pressure, say 15 lb., and is there compressed to say 185 lb. In compressing 
the gas, heat is added to it. The gas then passes through an oil separator which removes the oil that is absorbed 
in passing through the compressor. It then passes through the condenser. In the condenser, the cool water passing 
over the pipes removes enough heat from the vapor to change it to a liquid state. The liquid ammonia thus formed 
then flows into the liquid receiver. This much of the system is what is known as the high pressure side of the 
system. 

The liquid is then passed through an expansion valve to the expansion coils. In passing the expansion valve, 
the pressure is reduced from 185 lb. to 15 lb. In reducing the pressure 150 lb., the temperature of the liquid is 
reduced from 95 to 0 deg. F. The cold liquid in the expansion coils, being at a low pressure, boils away to a gas, 
absorbing the heat from the surrounding medium. This gas is then returned to the comoressor thus completing 
the cycle of operation- 
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In operating the system, the discharge pressure is governed by the condensing water and the suction pressure 
is governed by the temperature desired in the rooms. If a 15 deg. difference of temperature is desired between 
the cooling medium and the air in a room and it is desired to keep this room at 15 deg. F., the temperature of the 
ammonia should be 0 deg. P. By referring to tables giving the properties of ammonia, it will be noted that 0 deg. 
F. corresponds to a pressure of 15.65 lb. Thus the suction pressure should be 15.65 lb. After the expansion 
valve has been regulated to give the proper supply of ammonia to the coils, the control of the entire system is 
dependent on operating the compressor to maintain this suction pressure. Fig. 1 shows the various pieces of 
apparatus and the cycle of operation of the compression system. 


Some of the advantages of the compression system of refrigeration are: (1) the use of steam 
is not necessarily required as a compressor can be operated by gas engine, oil engine, steam 
engine, or by electric motors; and (2) it is economical in operation, and very high efficiencies 
can be obtained where economical power is available. 

The chief disadvantage the system has is the difficulty of obtaining economically, tem- 
peratures below about 0 deg. F. 

7b, Absorption System. — The absorption system of refrigeration is composed of 
the following parts: the generator, the rectifier, the exchanger, the condenser, the liquid re- 



Fig. 2. — Cycle of operation of ammonia absorption system of refrigeration. 


ceiver, the expansion coils, and the absorber. The absorption system uses only ammonia as a 
refrigerant because of its solubility in water. 

The condenser, liquid receiver, and expansion coils of the two systems are identical, 
perform the same functions, and have the same relation to one another. With the compression 
system, the compressor is the heart of the system; in the same way, the absorber is the heart 
of the absorption system. 

Thu ahsorher is a horizontal cylindrical drum built like a horizontal tubular boiler. Coohng water passes through 
the tubes and cools the liquid surrounding them, the liquid being a weak mixture of water and ammonia, termed 
weak liq^uor. The gas from the expansion coils is brought into the absorber at the bottom, through a perforated 
pipe and is allowed to bubble up through the weak liquor. The ammonia gas in bubbling up through the weak 
liquor is absorbed by it. The liquid is thus enriched by the addition of ammonia and is now termed strong liquor. 
This strong liquor is pumped out of the absorber by means of an ammonia pump, the only moving part of the 
system. This pump is a steam-driven piston pump much like a boiler-feed pump. The strong liquor passes 
from the pump through a set of double pipe coils called an exchanger. Here the cold strong liquor in one pipe on 
its way to the generator, absorbs some of the heat from the hot weak liquor in the other pipe leaving the generator, 
and becomes warm. The warm strong liquor then passes to the generator. The generator is another horizontal 
cylindrical drum having a set t>f steam coils suspended in it. Exhaust steam from the ammonia pump or from 
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other sources is passed through this set of coils and the heat of the steam is utilized in heating the strong liquor 
surrounding the coils. A large part of the ammonia in the liquor and part of the water is thus turned into vapor, 
forming a hot wet gas, and leaving behind a hot weak liquor. The hot weak liquor is first passed through the ex- 
changer as before mentioned and is then passed through a weak liquor cooler which is another set of double pipes 
through which water circulates as the cooling medium. The weak liquor is then passed to the absorber conapleting 
that cycle of operation. 

The hot wet gas is taken from the generator through a set of pipe coils arranged with drip connections on 
several of the pipes. This apparatus is called the rectifier. Its purpose is to remove the water vapor contained 
in the gas. Over the pipes is passed cooling water which cools the gas sufficiently to condense the water vapor. 
This condensed water is carried away at the drip connections and brought back to the generator. The dry hot 
ammonia gas then passes to the ammonia condensers and from there to the liquid receiver and expansion coils 
to the absorber, thereby completing the cycle of operation. The control of the entire system is based on regulating 
the speed of the ammonia pump. 

Fig. 2 shows the various pieces of apparatus and the two cycles of operation in the ab- 
sorption system. 

The advantages of the system are: (1) simplicity of control — ^requiring very little attention; 
(2) advantageous utilization of exhaust steam which is often an important factor; and (3) the 
ease with which low temperatures can be obtained. ^ 

The disadvantages are that the system must have steam, and that the system is of low 
efficiency. 

8. Refrigerating Load* — The refrigercUing load which must be carefully calculated in 
designing the refrigerating plant, is composed of several factors the principal ones being: trans- 
mission of heat through walls, cooling the goods, freezing the goods, condensing vapor, and 
offsetting heat generated within the room. 

Heat transmission of walls is calculated in the same manner as for heating work. In' the 
majority of instances where refrigeration is required, insulation is applied to the walls, and 
it is common practice to consider only the insulation as retarding the flow of heat thrduih the 
wall. 


Illustrative Problem. — Required the amount of refrigeration to offset the transmission of heat into a 2-story 
building 40 X 80 X 24 ft., inside measurements, with 4 in. of corkboard applied to the walls, roof, and floor. 
The temperature of the air in the building is to be held at 30 deg. F. when the outside temperature is 90 deg. F. 
The temperature of the soil under the floor is considered 55 deg. F. The transmission of corkboard is approxi- 
mately 6.4 B.t.u. per 24 hr. per inch of thickness. 


The heat flow through the floor = (40) (80) (55 -- 30) =» 128,000 B.t.u. per day. 

The heat flow through the roof « (40) (80) 30) =« 307,200 B.t.u. per day. 

The heat flow through the walls = (240) (24) (90 — 30) = 552,960 B.t.u. per day. 

Total = 988,160 B.t.u. per day. 

.... . . 988,160 

Amount of refrigeration required « 2$8 ' 0 0 0 

In providing refrigeration to cool goodsj the specific heat and the weight of the goods must 
be considered. 


Illustrative Problem. — Required the amount of refrigeration to cool 800 crates of eggs in one day from 75 
to 33 deg. P. 

One crate of eggs weighs 70 lb. and the specific heat of eggs is 0.76. The amount of refrigeration =■ (800) (70) 
(0.76)C76 - 33) = 1,787,520 B.t.u. = 


■ 6,206 tons. 


1,787,520 
288,000 

Where it is necessary to freeze the goods, the latent heat of freezing as well as the specific 
heat above and below freezing must be considered. 


Illustrative Problem. — Required the amount of refrigeration to cool in one day’s time, 100 hogs weighing 
250 lb. each, from 80 to 16 deg. F. 

From tables, the specific heat above freezing — 0.61, the specific heat below freezing — 0.30, and the latent 
heat of freezing = 65. 


B.t.u. required to cool goods to freezing point » (100) (250) (0.61) (80 — 32) «• 612,000 

B.t.u. required to freeze goods (100) (250) (65) »« 1,376,000 

B.t.u. required to cool goods from 32 to 15 deg. F. «= (100)(260)(0.3)(32 — 15) « 127,000 

Total w ^14,600 

Amount of refrigeration required w "2^^^o5b ~ ** ’tons. 
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To calculate the amount of refrigeration required to condense moisture out of air, the designer 
should have available a psychrometric chart. A very convenient chart for this work is made by 
the Carrier Engineering Corporation of New York City. When 1 lb. of moisture is condensed 
to water, approximately 1100 B.t.u. are given up by the vapor. Thus, if a quantity of air is to 
be cooled below its saturation point, the heat given off by the vapor condensed must be absorbed 
by the refrigerating coils. 


Illustrative Problem. — Required the amount of refrigeration to cool in 1 hour 100,000 cu. ft. of air from 85 
deg. F. and 70 % humidity to Z5 deg. F. 

The amoxint of moisture in air at 85 deg. F. and 70 % saturation, as shown by charts or tables, is 1.273 lb. 
per 1000 cu. ft. Air at 15 deg. F. and 100 % saturation is found to contain 0.14 lb. per 1000 cu. ft. There must 
therefore be condensed (1.133) (100) = 113.3 lb. of water which will require (113.3) (1100) = 124,630 B.t.u. The 
specific heat of air is 0.237. The weight of air at the average temperatiire of 60 deg. F. is 0.078 lb. per cu. ft. 
Thus, the heat given up by cooling the air = (100,000) (0.237) (0.078) (85 - 15) = 129,402 B.t.u. The amount 
of refrigeration needed is thus 


124,630 + 129,402 
12,000 


21.17 tons 


For very accurate work such as is required in the laboratory, calculations should be baseh 
on the weight of the air instead of the volume, and as the curve showing the ratio between tem- 
perature and weight of air is not a straight line, it is not absolutely accurate to take the weight 
of the air at the average temperature, but the method as outlined here is one that is used by 
many designers. In fact, the value of 0.018 is commonly taken as the heat extracted in lowering 
the temperature of 1 cu. ft. of air regardless of the temperature. 

Heat generated within a room is easily accounted for by the use of the power equivalent 
for 1 ton of refrigeration. A motor running in a room gives off in heat the difference between 
the efficiency of the motor and 100 %. In other words, if the motqr is 85 % ejBficient, 15 % of 
the horsepower of the motor goes into heat. 

One hundred 50-watt lamps in a room will require = 5 kw. per hour or == 

1.42 tons. 

B.t.u. per hour 


One 16-c.p. incandescent lamp gives off 160 

One gas light gives off approximately 3600 

One workman gives off approximately 500 


In commercial practice a factor should be added to those items which are easily figured to cover inefficiency of 
insulation, opening of doors, and other items. This percentage varies from 10 to 26 %. There is a safe rule which 
can be followed for cold-storage rooms, not including freezer rooms, as follows: Calculate the heat transfer through 
the walls, floor, and ceiling of the room on the basis of 12 B.t.u. per day per deg. difference of temperature for 
l-in."thick corkboard. Do not place any insulating value on ordinary building materials. Multiply the result 
thus obtained by the following factors to get the total refrigerating load for the room. 


Room size, cubic feet Factors 

Up to 1000 3.6 

1000 to 5000 3.2 

5000 to 100,000 2.9 

Over 100,000 2.5 


In using these factors, no calculations need be made for cooling of goods, heat given off in rooms, or opening and 
closing of doors. 


9. Methods of Application of Mechanical Refrigeration. — Refrigeration is applied in 
two ways: (1) the direct- expansion system, and (2) the brine circulating system. 

In the direct-expansion system the expansion coils are placed in the rooms as in Figs. 1 and 
2. The liquid ammonia is expanded in them and allowed to boil away, absorbing heat from 
the air surrounding the pipes. This system is used where very low temperatures are desired, 
and where a flexible system is not necessary. Ice storage houses, sharp freezers, and meat boxes 
are usually provided with the direct expansion system. The greatest objection to the system 
.is that the cooling effect of the ammonia stops as soon as the compressor stops. 
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In the brine circulating system the ammonia is allowed to expand into a cylindrical drum 
called a brine cooler. Coils, through which brine is pumped, are placed in the drum. The 
ammonia in boiling away, absorbs the heat from the brine. The brine is then pumped through 
pipes arranged in the room the same as for the direct expansion system. The great advantage 
this system has is in its flexibility. Due to the body of brine which is cold, if for any reason 
it is necessary to stop the compressor, refrigeration can be obtained for several hours by cir- 
culating the brine. There must be a certain range of temperature between the ammonia 
and the brine, and another range between the brine and the air in the room in order to transfer 
heat. Thus, it is not possible to obtain as low a temperature in the room with this system as 
can be obtained with the direct expansion system. This system is used particularly in cold- 
storage plants, and places where very perishable goods are kept, in creamery machinery, and 
for ice-cream-making machinery. 

10. Proportioning of Cooling Surface. — The correct proportioning of the cooling surface 
and the arrangement of the cooling coils in the room, is as important as calculating the refrigerat- 
ing load. Even though the compressor is large enough to provide for the load, if the cooling 



Fig. 3. — ^Arrangement of refrigerating coils for rooms not over 
30 ft. wide. 


coils are not ample or properly located, the results will not be satisfactory. In general, pipe in 
still air with a 12-deg. range in temperature, will transfer 2 B.t.u. per hr. per sq. ft., per 1 deg. 
F. difference between the temperature of the air and the temperature of the cooling medium. 
Where pipe is submerged in a liquid, as is the case where coils are located in the brine of an ice 
making tank, the heat transfer value is about 25 B.t.u. 

After the heat transfer value of the pipe is determined, the range of temperature that will 
be used between the medium cooled and the cooling medium is decided. The greater this 
range is, the lower the suction pressure must be, and consequently, the greater amount of 
power will be required; on the other hand, the greater the range, the smaller the amount of 
pipe required. The amount of pipe to use and the range of temperature to use, therefore, is 
determined by good judgment of economical considerations. For temperatures in a room of 
over 20 deg. F., a temperature range of 15 deg. is used; for temperatures of between 10 and 20 
deg. F., a range of 10 deg. is used; and from minus 10 deg. F. to plus 10 deg. F,, or even lower, 
a range of 5 deg. is used. 

In laying out the arrangement of coils in the rooms, the designer should bear in mind that 
cold air is heavier than warm air. For this reason, the coils should be so located that a natural 
circulation of the air is obtained. In general, coils should never be located on the four sides of 
a room, as by such an arrangement the natural circulation of the air is stopped. The same 
amount of pipe placed in coils on the two opposite sides of a room will give far better results, 
as by such an arrangement the air will flow down the walls, along the floor, up the center of 
the room, and along the ceiling to the wall (see Fig. 3). If the room is more than 30 ft. wide, 
there should be coils located near the center of the room as in Fig. 4. The coils should be sup- 
ported near the ceiling and preferably over a passageway. The best results are obtained when 
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the coils are placed in the upper third of the room. Less storage space is thus taken up by the 
pipes, and the flow of the air is not obstructed under the pipe. Where goods are packed very 
solidly over the floor area, the circulation of air is sometimes helped by placing the goods on 2 X 
4-in. pieces, thus making a passage for the air on the floor. However, in most cases, the air 
passes through the goods without this provision. In meat cooler rooms and in some cold 



storage work where temperatures below freezing are needful, it is necessary to support under 
the coils, a trough to carry away the water caused by the melting of the frost which will accumu- 
late on the coils. 

Where meat is cooled in the carcass, as is the case in packing house work, the bunker system of placing the 
cooling coils is used (see Fig. .5). With this system, an overhead bunker is made with provisions for air to circu- 
late over the coils and through a slot in the bunker floor to the main room beow. The air circulates by gravity 



Fia, 5. — Arrangement of refrigerating coils in bunkers. 


over the coils and the water caused by the melting of the frost on the pipes, is carried off by a drain in the bunker 
floor. For some work, these bunkers are placed outside the room to be cooled, and the air is circulated by fans 
over the coils and to the room through ducts. This system was used to a great extent in the past in fur storage 
houses and in chocolate factories. 

The arrangement of the cooling coils for cooling a large amount of air to be circulated through rooms, should 
be such that the cooling pipes are long and close together. The air should be blown along the pipes (not across). 
With pipes placed on 4-in. centers and 60 ft. long, the air travels a long distance in contact with the cold pipes, 
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thus bringing in a time element which is important. The friction of the brine or ammonia in the pipes is also much 
less than where a large number of short pipes are used, thus requiring much less power. 

In small refrigerator boxes, as in hotels and restaurants, usually no provision can be made to provide for natural 
circulation as the space is very small and the goods to be cooled are placed very near the pipes. In meat boxes, 
it is usually possible to place the pipe near the ceiling at the side so that a circulation can be obtained. 

11. Ice Manufacturing Plants. — There are three systems for making ice that are com- 
mercially successful: (1) the plate system, (2) the distilled-water can system, and (3) the raw- 
water can system. 

In the plate system^ a steel tank 10 or 12 ft. deep and of varying widths and lengths, depend- 
ing upon the capacity, has arranged in and across it, expansion coils on 32-in. centers for the 
full Height. The pipes in the coils are usually on 6-in. centers and are bolted between two J^-in. 
steel plates. The tank is filled with water and the ammonia boiling away in the coil absorbs 
the heat in the water causing ice to form on the steel plates. While the freezing operation is 
going on, air is allowed to bubble up over the freezing edge thereby cleaning the surface of air 
bubbles and foreign matter. The result is a clear cake of ice. This operation is continued 
until the ice is 12 in. thick. It requires 6 days to freeze the cake of ice. Hot ammonia gas is 
then turned into the coils until the frozen cake is melted free of the steel plate. The cake is then 
lifted out of the tank by a crane and is carried to a tipping table where it is brought to a hori- 
zontal position and cut up to commerical sizes by means of a circular saw. This type of plant 
is very economical in operation but is high in first cost. There is also the objection that many 
cakes are so cracked or otherwise broken before they are finally disposed of, that there is an 
excessive loss of ice. 

In the distilled-water can system^ steel cans of commercial sizes are surrounded by brine in a 
steel freezing tank. Three 100-lb. cakes are most commonly used. The cans for this size of 
cake are 11 X 223^ X 44 in. These cans are set in a tank 48 in. deep and are placed on 25-in. 
centers lengthwise of the tank and on 15-in. centers across the tank. Between the cans and 
running lengthwise of the tank, expansion coils are placed, usually 6 pipes high and on 7-in. 
centers. The ammonia in the coils cools the brine which in turn freezes the water in the can. 
The brine in the tank is kept in motion along the coils by a motor-driven propeller. There is 
installed in the plant a water-distilling system through which all the water for the cans passes. 
The water thus being free of all foreign matter, freezes clear in the cans. When the water in 
the can is frozen (which requires about 48 hr. for a 300-lb. cake), the can with the ice is lifted 
out of the tank and lowered into a tank containing hot water. It is left here sufficiently long 
to thaw the ice cake free of the can. The can is then Hfted and placed on a can dump where 
the cake of ice is dumped out and passed to the ice storage room. This system, until the last few 
years, was the system which was most commonly installed. The objections to it are: low 
economy, and the necessity of having in conjunction with the plant a distilling apparatus, thus 
requiring steam. 

The raw-water can system is identical with the distilled water can system in so far as the 
arrangement of the cans in the tank is concerned. The difference is in the use of raw water 
(city water) instead of distilled water. There is installed in the plaut an air compressor which 
forces air through pipes to the freezing tank. This air is piped to the bottom of the can of water 
and allowed to bubble up through the water. As the water freezes in the can, this air keeps 
the surface washed free of air bubbles and foreign matter, thus forming a clear cake of ice. The 
advantages of this system are : a steam plant is not necessary as the plant can be electrically 
driven or otherwise, depending on kinds of power available; and better economies are obtained 
than with the other types. A raw water can plant may easily be made to produce 20 tons of 
ice per ton of coal, whereas 6 to 10 tons of ice per ton of coal is about all that can be expected 
of a distilled water plant. During the past few years the raw water plant has been installed 
almost exclusively and due to the high economies which are possible only with this type, many 
old style plants have been converted from the distilled system to a high duty raw water system. 

12. Determination of Size of Ice Plant. — The amount of ice which can be sold in a given 
community is usually known or can be easily estimated. If no large storage house is available 
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for the storage of ice, the ice plant should be madejarge enough to supply the deraand, running 
at full capacity for 200 days per year. The daily tonnage of the plant is thus determined. 
The freezing tank is then made large enough to accommodate 14 to 18 cans (300 lb. each) per 
ton of ice making capacity; 16 cans per ton is most commonly used. The larger the number of 
cans per ton the more economical the plant, as the time of freezing is lengthened. 

13. Ice Storage Buildings.^ — In connection with ice making plants, there are built ice 
storage buildings. There is always a daily ice storage room where the ice is stored to be used 
immediately. Where the plant is large enough to supply the entire demand by running only 
during the ice season, this room is all the space that is required. A daily ice storage room should 
be designed to provide for a four day’s supply of the freezing tank. The ceiling height is low, 
usually 8 ft., and the expansion pipe is arranged below the ceiling on 10-in. centers the entire 
length and width of the room. The room should be large enough to accommodate the ice 
standing on end, one cake high. 12 sq. ft. per ton of ice should be used in determining the size 
of the building under these conditions. 


It is usually more economical to provide a large ice storage building for the storage of ice made during the 
winter months, and build the ice plant only large enough to provide for the demand by operating 300 days per year. 
Ice storage buildings, however, are not advisable unless they can be built for at least 2000-tons capacity. The 
larger the storage building, the better. They should be 30 to 40 ft. high and should have an area unobstructed 
by columns below the roof. The expansion coils are supported by hangers along the walls near the ceiling. The 
buildings are designed for 40 cu. ft. per ton of ice. The weight of ice is 57 H lb. per cu. ft. 

14. Practical Notes. — All systems of refrigeration require water to be circulated over the 
ammonia condensers. The amount of water which must be provided for this work is 
approximately 3 gal. per min. per ton of refrigeration. Where it is necessary to use city 
water for this cooling work, the same water can be used over and over again by means of a 
cooling tower. A tower should be on a high portion of the building where it has free access to 
air currents. 

1 J-i and 2-in. pipes are most commonly used for cooling coils. The friction of the cooling 
medium in the pipe becomes excessive when pipe smaller than IK is used; and when a pipe 
larger than 2 in. is used, the cooling surface is too small for the volume of the pipe. 

In designing buildings where refrigeration is used, the following floor loads per sq. ft. may 
be used: in cold storage plants, 175 to 250 lb. depending upon the goods to be stored; under 
freezing tanks, 375 lb. for 300-lb. can tanks; and under ice storage rooms, use 60 lb, per cu. ft. 
for the weight of the ice. 

In still air, 3000 lin. ft. of IJ^-in. pipe can be used for one expansion valve. When the 
pipe is submerged in brine, as is the case in a freezing tank, not more than 600 lin. ft. should 
be used- 

Four inches of corkboard insulation should be used on rooms where a temperature of 25 to 
35 deg. F. is to be obtained; 6 in. should be used for temperatures of from 0 to 25 deg. F.; and 
8 in. should be used for temperatures below this. Four inches of insulation is sufficient under 
freezing tanks, although some designers prefer 6 in.; 12 in. of granulated cork is used around the 
side of freezing tanks. Insulation for cold storage buildings should not be broken at each floor 
but should be continuous and should be laid on top of the roof construction and between layers 
of concrete on the flloor, as in Figs. 3 and 4. Insulation on the floor of a room should be protected 
by 3 to 4 in. of concrete as in Fig. 4. 

The amount of power required per ton of refrigeration naturally varies with the design of 
the plant. An average figure is 1.5 h.p. In the summer months the amount of power required 
will be about 1.75 h.p., and during the winter months, this rate will be about 1.3 h.p. Absorp- 
tion machines require about 35 lb. of steam per hour per ton of refrigeration. 

Electricity at 1 ct. per kw.-hr. and coal at $4 per ton can be considered as equivalent when 
considering power costs of a plant of equal eflficiency. 

The average plant requires for make up purposes. 1 lb. of ammonia per 10 tons oi 
refrigeration. 
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Propeeties op Food Prodttcts Kept in Cold Storage 


Product 

Temperature 

carried 

Specific heat 

• 

Latent heat 
of freezing 

Above freezing 

Below freezing 

Apples 

32-33 

0.92 



Beef frozen 

0-15 

0.77 

0.41 

102 

Butter 

0 

0.64 


84 

Cabbage 

33 

0.93 

0.48 

129 

Carrots 

33 

0.87 

0.45 

118 

Cheese 

33 

0.64 



Cream 

33 

0.68 

0.38 

84 

Eggs 

30-32 

0.76 

0.40 

100 

Pish — dried 

0-15 

0.58 

0.43 

111 

Pish — afresh — ^frozen 

0-15 

0.82 

0.43 

111 

Fruits — afresh 

32-36 

0.92 



Fruits — dried 

35-40 

0.84 



Game to freeze 

0-15 

0.80 

0.42 

105 


25 

1.00 

0.504 

144 

Ice cream 

0 

0.75 

0.38 

82 

Lobster 


0.81 

0.42 

108 

Milk 

35 

0.90 

0.47 

124 

Oysters 

35 

0.84 

0.44 

114 

Pork 

36 

0.51 

0.30 

55 

Potatoes 

34 

0.80 

0.42 

105 

Poultry 

0-15 

0.78 


102 

Veal 

32-36 

0.70 

0.39 

90 

Vegetables. 

34-35 

0.91 




16. Domestic Installations. — There are many firms making mechanical refrigerators in 
sizes suitable for use in small; medium, and large residences. 

The refrigerating medium used in domestic imits may be sulphur dioxide, ammonia, ethyl 
chloride, unethyl chloride, dielene, carbon dioxide, etc. Many companies use a brine tank in 
connection with the refrigerating medium. A calcium chloride solution is commonly used for 
the brine. One company (the Frigidaire Corporation) uses sulphur dioxide with expansion 
coils and without a brine tank. The operating power is usually'a small electric motor plugged 
into an electric socket. 

Most of the domestic types of mechanical (usually called '‘electric '0 refrigerators have 
given satisfaction, and their use is increasing. 
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COMMUNICATING SYSTEMS 

By C. M. Jansky 

The modern method of oral communication between persons at some distance apart is by 
some form of the telephone. The particular kind of telephone system to be installed in any 
case will depend upon local conditions, such as distance and the publicity or privacy of the sys- 
tem. If the general public is to be permitted to communicate at pleasure with persons in the 
building, then undoubtedly the telephone connections will be made with the central telephone 
exchange. If the number of calls are relatively few and concern only a few people, then each 
telephone may be connected directly with the central oflS.ce. On the other hand, where any one 
of a number of persons may be called or may wish to communicate with persons outside of 
the building, there is usually installed a local or private branch exchange. By private branch 
exchange is meant a telephone system complete in itself and adapted to bring into communica- 
tion any two subscribers in a ^comparatively small community, such as a business establish- 
ment or hotel, or any of these subscribers with any of those connected to a regular exchange. 
Such an intercommunicating system is usually installed by the telephone company in accordance 
with its specifications and is maintained by it. Where a private branch exchange switchboard 
or a basement terminal is installed, it is necessary to carry at least two wires from each telephone 
to the central distributing point in the building. Where these buildings are served by means of 
a cable, it is generally necessary to extend a building cable and establish one or more branch 
terminals, from which the distribution wires are taken. . Hence, the importance of making ade- 
quate provision in advance for such cabling and wiring. It is advisable to have such provision 
in the building plans, otherwise the walls may be disfigured by unsightly open wiring, or it may be 
necessary to make openings through walls, floors, and partitions after the completion of the 
building. All details for making these provisions will be furnished by the telephone company 
to the architect or builder upon request and consultation. 

1 . Location of Distributing Frame. ^ — Local conditions will often determine the location 
of the distributing frame. There are, nevertheless, some general considerations which should be 
heeded. Where conditions permit, the frame is often mounted on the wall behind the switch- 
board. Whether such a location is possible will depend upon the point of entrance of the cables 
from the outside. In every case it is advisable to locate the franje as near to the switchboard 
and as near the point of entrance of the cables as conditions will permit, thus reducing to a 
minimum the length of cable. The frame should always be mounted where it will be easily 
accessible for repairs- and where it will not be subject to dampness and mechanical injury. 
From the frame the wires are carried to the switchboard through switchboard cables along a 
cable rack, or in a wooden conduit 3 to 4 in. square in cross section. This cable runway is 
fastened to a wall or railing, or is supported a short distance above the floor by means of sup- 
porting iron frame work. The distributing frame and cable rack should be secm'ely bolted 
together and fastened to the wall and floor with lag screws. 

2. Location of Switchboard, ^ — The private branch exchange switchboard should be located 
on a solid floor free from vibration, and, if a lamp signal board, in a position such that strong light 
will not shine on its face so as to subdue fche lamp signals. Where a distributing frame is not 
mounted behind it, the switchboard should be placed not less than 18 in. from a wall or railing 
so as to permit inspection freely. Where a frame is installed behind the board, a space should 
be left between the two so as to permit free access to the frame connections and to the back of 
the board. 

1 Specifications of The American Telephone and Telegraph Co, 
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Sometimes, in place of a distributing frame, a cross connecting box is used. This should be located where 
it will be free from, dampness and mechanical injury, and where it is easily accessible for inspection and repairs. 
It is often placed near a pipe, elevator, or dumb waiter shaft so that the distributing wires and cables can be run 
directly to the different floors. A typical installation of cables, switchboard, cross connecting box,, etc., is shown 
in Fig. 1. 

3. Telephone Wiring Classification. ^ — ^It is customary to divide buildings for wiring pur- 
poses into three classes: apartment buildings, offices, and hotels. Under the term apartment 
buildings are included all those larger than single houses or stores and smaller than office build- 
ings. Such buildings may contain living and office apartments, and also stores, generally on 
the ground floor. 

In an apartment building the maximum number of telephones is seldom more than one per 
apartment. The class of service, however, is very difficult to forecast. In planning communi- 
cation facilities for such buildings, it is advisable to provide for one circuit from each telephone 
to the distributing centei'. 



To make satisfactory and adequate provision for a communication system for an office building is a difficult 
problem for many reasons: The number of telephones to be installed will depend upon the character of the business, 
location of building, requirements of individual tenants, business of tenant, and duration of tenancy. 

When planning for a communication system for an office building, provision should be made for the installa- 
tion of one or more private branch exchanges as well as a central distributing basement terminal at which the 
service cables end. 

The wiring provisions for a hotel will depend upon the size, location, type, and kind of building. Usually 
provision should be made for at least one private branch exchange and a basement terminal. 

4. Installation of Subscribers’ Sets. — By subscriber’s set is meant the patron’s telephone 
together with all necessary wiring from the terminal board. As a result of many years’ ex- 
perience, the telephone companies ' have developed certain standard methods of installation 
which have proved satisfactory in practice. 

As a rule the telephone proper, that is, receiver and transmitter, are located to suit the 
convenience of the user. As a general rule it may be stated that bhe telephone should be located 
in a light and quiet place. A wall set should be mounted so that the center of the transmitter 
with face vertical is about 4 ft. 9 in. above the floor. The wall should be solid or some other 
support should be used to avoid vibration. The set should not be located near grounded me- 
tallic objects, such as radiators, registers, sinks, water and steam pipes, or near electric fixtures, 
because of the possibility of the patron receiving electric shock. In business offices where the 
telephone is frequently used by one person, it is customary to mount the set or some parts of 

1 American Telephone and Telegraph Company’s Specifications, 
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it on the patron’s desk. Fig. 2^ shows the most desirable locations. Locations 1 and 1-A are 
preferable for mounting the bell boxes of a common battery desk set. If it is desired to conceal 
the box, it may be mounted under the desk at locations indicated by 2 and 2-A. 



Cel/ar with Loth and Piaster Ceiling 



Cellar without Lath and Plaster Ceiling 
Fig. 5. 


Since the ringer of the magneto set must be conveniently accessible to the user, the best 
locations for it are at 3 or 3- A. Another method of disposing of the ringer box for desk sets is 
shown in Fig. 3. 

5. Substation Wiring. — When the locations for the telephones have been selected, consid- 
eration should be given to the best means of running the wiring, and if possible, provisions should 



mok/fnq\ \ \^ 
\ibstgn secure7y\^ 
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at each end 
Fig. 6. 


of mo/d/ng 


be made for concealing them. When no private branch exchange is to be installed, the wires 
are usually brought into the building, as shown in Fig. 4. From the protectors the wires are 
then run to the subscriber’s sets. The routes to be followed and the type of installation to be 
employed will depend upon local conditions. The route should be as direct as possible and 

1 Specifications of The American Telephone and Telegraph Go, 
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all wiring should be inconspicuous and protected. Figs, 5 to 9 inclusive show how this problem 
is solved under different conditions. 



Fig. 7. 

6. Intercommunicating Telephones. — While all telephone systems permit intercommuni- 
cation, the terms intercommunicating telephones, or interphones, is used to designate the ar- 
rangement of several sets of telephones such that any station can call any other station without 



Fig. 8. 


the assistance of a central operator. Such systems are used extensively in factories, offices, 
apartment buildings, stores, and large private dwellings as they afford a ready means of com- 
munication between different departments. 
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Fig. 9. 


Telephone systems for intercommunication may be operated either by a local battery for 
the talking circuit and a magneto for signalling, or they may be operated entirely from a common 
battery. When the common battery type is used, two sets of batteries are invariably employed. 
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The most simple system of the local battery type is one in which tv/o telephone sets are connected by a single 
line. Such a system needs no further discussion. However, when more than two stations make up the system, 
the arrangement is more complex. Of course, all the instruments could be connected to a single party line, but 


I S/crf/onD I S^f/or? £ 


Fig. 10. 


this would necessitate code ringing. The usual arrangement of intercommunicating systems is to have a separate 
line run from each instrument to every other one of the system. For magneto ringing, the circuits are quite 
simple and easily designed. Each station is provided with a panel upon which are mounted as many jacks as 


Fig. 11. 
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there are stations, and lines running from any one station connect the jacks into as many parallel groups as there 
are stations. At each station the ringer is bridged across one line. This line is designated at all other stations 
as belonging to the station at which the bells are bridged. The talking and ringing circuit at each station is pro- 
vided with a; terminal plug which is used to make connection with the jack of any other station. Fig. 10 is a sim- 
plified diagram of such a system. When a person at station A wishes to call some one at station D, he inserts the 
plug into the jack connected tb the D line and turns the magneto. As the only ringer that is bridged across this 
line is at station D it is the only station that will hear the call. As soon as the person at station D inserts his plug 
in jack D, the talking circuit with station A is complete. 

Although such a system is extremely simple, owing to the convenience of automatic signalling provided by 
the comrnon battery system, the latter is displacing it. 

7. Common Battery Interphone Systems. — Most of the manufacturers of standard tele- 
phone apparatus also manufacture intercommunicating telephone apparatus. In general the 
principles of operation of the different makes are the same, but each has some distinctive method 
of connection for ringing. 

At each station is a telephone set, either a wall set containing the keys and talking set. or 
a desk stand with a separate key box. Each wall set, or desk set key box has a series of buttons, 



(o) (b) 


Fia. 10. 

each one numbered or lettered to indicate the line it controls- Typical common battery inter- 
communicating sets are shown in Figs, 11, 12, and 13. An apartment house set with letter 
boxes is shown in Fig. 14. A person at one station wishing to talk to one of the other stations 
presses the corresponding button down to the ringing ix)sition, and the desired station is 
signalled. When this button is pushed down, any other button in the set, which might 
happen to be depressed, is automatically restored, thus clearing the station of any previous 
connection. When the pressure is removed the button comes back to a halfway or talking 
position, so that as soon as the called station receiver is removed the talking connections 
are complete. 

The wiring of an intercommunicating system appears complicated, but this is due to the multiplicity of wires 
at each telephone. As a matter of fact, the circuits are quite simple. Diagrams of the circuits of two stations 
involved when one calls the other, of a Western Electric interphone system is shown in Fig. 15. The diagram 
shows that two sets of batteries are used, one for ringing and one for talking. 

It is a good plan to use cables instead of loose wires for the inside wiring, and provision for running these 
cables may advantageously be made during the process of construction of the building. Methods of running 
interphone cables to meet different conditions are shown in Fig. 16. 


SECTION 13 

LIGHTNING PROTECTION 

By C. M. Jansky 

1. Nature of Lightning. — Lightning, as ordinarily understood, is the discharge of atmos- 
pheric electricity between clouds, or between cloudf and the earth. This conception is in some 
respects inadequate although it does seem to state what one actually sees. A more modern 
conception assumed that the breaking up and recombination of water particles results in elec- 
trification of the clouds and atmosphere. This electrification produces stresses in the ether, 
and the lightning discharge is an equalization of these stresses. In this respect, lightning may 
be compared to the breaking of a piece of glass which has been rapidly chilled and thereby filled 
with internal stresses. When the outer surface of such a piece of glass is scratched, it suddenly 
breaks. The internal stresses are relieved by rupturing the glass. The breaks in the glass 
follow the lines of least resistance, or along the weakest lines of the glass. The influence of 
these internal stresses is made manifest in all parts of the glass. Similarly, a lightning discharge 
is a redistribution or equalization of the stresses in the ether produced by the accumulation of 
electricity in the clouds. This explains why an electric shock is often felt at points remote 
from the place of the direct stroke. The discharge sets up electromagnetic waves in the ether 
somewhat in the same manner as waves are set up in water when a disturbance takes place at 
some point in it. 

The internal stresses in the suddenly chilled pieces of glass may be relieved in two different 
ways : one by suddenly reducing the constraining force of the envelop at one point and thus 
causing an explosion; and the other by reheating the glass rmiformly and thus i>ermitting the 
gradual equalization of the stresses. In an analogous way the equalization of the electrical 
stresses in the ether may be brought about by the sudden release of the forces along a non- 
conducting path; and the other, by a gradual readjustment or discharge along some conducting 
path. 

The problena of lightning protection of buildings consists in providing conducting paths for the relatively 
slow and gradual dissipation of the electrification, and if the sudden discharge cannot be avoided, to at least reduce 
its destructive effect to a minimum. These conducting paths consist of copper, aluminum, or iron wire in the form 
of lightning rods. 

Although the exact character of the lightning discharge between clouds is not known, it is quite well estab- 
lished that it is oscillatory when taking place through objects on the earth’s surface. The lightning discharge is 
not a rush of electricity in one direction, but, like a steel spring when it is deflected and released, it swings past the 
point of equilibrium, so the lightning discharge oscillates several hundred thousand and perhaps millions of times 
per second. This oscillatory character of the discharge introduces certain factors in lightning rod design and in- 
stallations that are usually neglected when designing conductors for low frequency electric current. 

2. Electrical Conductors. — The energy of an electric current when flowing through a con- 
ductor is dissipated as heat. When the current is of low frequency, the heat is developed 
throughout the whole cross section of the conductor. When a high frequency alternating cur- 
rent passes through a conductor, the energy is converted into heat only on the outer surface of 
the conductor, and as electric radiations into space. The electrical resistance of a conductor 
is of practically no importance as far as the question of dissipating the high frequency energy 
of a lightning discharge is concerned. Thus from an electrical point of view, it matters little 
whether copper, aluminum, or iron is used for the lightning conductor. From the viewpoint 
of durability, the copper and aluminum take precedence. 

Composite conductors — that is, conductors made of different materials — should not be used. Unless the 
two materials are combined in the form of an alloy— or unless, when one is used as a coating for the other, they are 
in intimate contact and the coating is of considerable thickness — electrolytic action will sooner or later develop, 
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caxising rapid deterioration of the conductors. Since lightning rods are very likely to be neglected, none but the 
best materials and first-class workmanship should be tolerated. The form of the conductor is of little moment — 
it may be round, flat, solid, or stranded. It should not, however, be too small in diameter. Authorities differ 
with respect to the best size of wire to use, but nothing smaller than No. 2 copper, No. 00 aluminum, and No. 1 
galvanized-iron wire should be used. 

3. Protection Provided by Lightning Rods. — Perhaps the most extended investigations as 
to the effectiveness of lightning rods, were carried out under the guidance of Prof. W. H. Day 
of the Ontario Agricultural College. ‘His conclusions may be briefly summarized as follows : 

Properly installed and maintained lightning rods are both a preventative of a lightning stroke and a protec- 
tion against fire or serious damage in case of a lightning discharge through the rods. Experience seems to show 
that buildings with steel frame work, well grounded, are practically lightning proof. 

4. Installation and Maintenance of Lightning Rods. — If lightning rods are not properly 
installed and maintained, they may prove an element of danger instead of protection; hence 
the following simple rules should be carefully observed!^ 

4a. Material. — ^If proper precautions for maintenance are taken, double galvan- 
ized-iron conductors may be used instead of copper or aluminum. No condupt^r smaller 
than No. 2 copper or No. 00 aluminum A.W.G., or No. 3 iron B.W.G. should be used. , Combi- 
nation wires are not advised on account of dura- 
bility. The conductor may have- any form that 
will give durability and convenience in installation. 

46. Location, — The exact location 
and number of rods to be used in any case will 
depend upon the shape of the building. Two 
main vertical rods should be provided at each 
end of the building, and in addition, each tower, 
spire, or chimney should be protected by vertical 
rods (Fig. 1). Likewise short vertical rods should 
be erected along minor pinnacles and all should be 
connected by horizontal conductors. The vertical 
points along the ridge should be spaced not more 
than 20 to 30 ft., and the first should be not over 
5 ft. from the end. The vertical rods need not ex- 
ceed 4 to 5 ft. in height except those on or beside 
chimneys, cupolas, or other similar prominences; 
these should extend at least 18 in. above the highest 
point. The. vertical rods should be of the same material as the horizontal conductors. 

4c. Grounding. — Grounding is one of the most important features of installa- 
tion. Unless the grounding is effective, the rods may do more harm than good. The first 
essential of a good ground is to extend the conductors to a depth sufficient to ensure contact 
with permanent moist earth, hence proximity to rain water pipes and to drains is desirable. 
The exact depth will depend upon local conditions but the conductor should extehd at least 8 ft. 
below the surface. It is a very good plan to make the conductor divide close below the surface 
of the ground and adopt either of two methods for securing the escape of the lightning into the 
earth. A strip of copper tape may be led from the bottom of the rod to the nearest water main, 
not merely to a lead pipe, and be soldered to it; or a tape may be soldered to a sheet of copper 
3 X 3 ft. at least Ks thick, buried in permanently wet earth, and surrounded by cinders or 
coke. Where iron is used for the rod, a galvanized iron plate of similar dimensions should be 
employed. Instead of the plate, there are advantages of using a tubular earth connection con- 
sisting of a perforated steel pipe driven tightly into moist ground and lengthened up to the sur- 
face. A conductor reaching to the bottom and packed with granulated charcoal, is as effective 
an area as a plate of larger surface, and can easily be kept moist by connecting it with the nearest 
f Lightning Rods, Bui. No. 220, Ontario Agricultural College. 

Lightning and Lightning Conductors, Farmers’ Bui. No. 367, U. S. Dept, of Agriculture. 

T^ightning Rods, E. J. Berg, Standard Handbook for Electrical Engineers. 
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drain water pipe. To prevent injury, the grounding cables should be protected to a height of 
6 to S ft. above the ground by nailing boards around them. 

4d. Construction. — All roof metals, such as finials, ridging, rain-water and venti- 
lating pipes, metal bowls, lead flashing, gutters, etc., should be well grounded. Some recommend 
that these metal portions be connected to the conductors; others, like Sir Oliver Lodge, suggest 
that it is advisable to connect these metal parts together and then 
ground them rather than connect them to the conductor, as this in- 
troduces an element of danger. 

All large masses of metal in the budding should be connected to 
earth, either directly or by means of a lower horizontal conductor. 

Where roofs are partially or wholly metal lined, they should be connected to 
earth by means of vertical rods at several points, preferably at the low^er corners, 
never from the ridge. Gas pipes should be kept as far aw^ay as possible from the 
positions occupied by lightning conductors, and, as an additional protection, the 
service mains to the gas meter should be metallically connected with house services 
leading from the meter. 

All lightning conductors should be metallically connected with the building. 

The fastenings whether nails, staples, or clips should preferably be of the same 
material as the conductor. A good method of fastening a galvanized iron rod to 
Where the conductors change direction, all sharp bends should be avoided. 

4e. Maintenance. — If galvanized-iron conductors and rods are used, the whole 
system should receive two coats of aluminum paint, and the painting should be repeated every 
few years. The system should likewise be regularly inspected, esp ecially after a heavy wind 
storm or in the spring after a severe winter. 



a chinmey is shown in Tig. 2. 




APPENDIX A 

GENERAL NOTATION 


For all materials except reinforced concrete: 

/ unit fiber stress. 

V = ubit shearing stress (horizontal or vertical). 

V = total shear. 


c distance from neutral axis to extreme fiber. 
b = breadth of rectangular section. 
d = depth of section. 

A = area of section. 

I ~ moment of inertia, 
r =s radius of gyration. 
jS = section modulus. 

M — bending moment or resisting moment. 

I = span or length. 

L =a span or length. 

F or P =*: concentrated load or total stress in a member. 

10 = uniformly distributed load per unit of length. 

W = total uniformly distributed load. 

R = reactions at supports or resultant of forces. 

E ~ modulus of elasticity. 

A = total deformation or maximum deflection of beams. 
3 = unit deformation. 
e = eccentricity. 

For reinforced concrete: 

(a) Rectangular Beams 

fa « tensile unit stress in steel. 
fe — compressive unit stress in concrete. 
fe *= ultimate compressive unit stress in concrete. 

Es — modulus of elasticity of steel. 

Ee ~ modulus of elasticity of concrete. 



M 

Aa 

& 

d 

k 

z 

J 

dd 

V 


moment of resistance, or bending moment in general. 

steel area. 

breadth of beam. 

depth of beam to center of steel. 

ratio of depth of neutral axis to depth, d. 

depth below top to resultant of the compressive stresses. 

ratio of lever arm of resisting couple to depth, d. 

d z ^ arm of resisting couple. 


steel ratio = 


(6) T-beams 

b = width of flange. 
b' == width of stem. 
t — thickness of flange. 

<c) Beams Reinforced for Compression 
A' = area of compressive steel. 
p* » steel ratio for compressive steel. 

// = compressive unit stress in steel. 

C total compressive stress in concrete. 

C' =a total compressive stress in steel. 
d' depth of center of compressive steel, 
r = depth to resultant of C and C'. 

(d) Shear, Bond and Web Reinforcement 

V — total shear. 

V' — total shear producing stress in reinforcement. 

V «= shearing unit stress. 

u = bond stress per unit area of bar. 

0 = circumference or perimeter of bar. 

as sum of the perimeters of all bars. 

T = total stress in single reinforcing member. 
s = horizontal spacing of reinforcing members. 

(e) Columns 

A — total net area, 

Aa =* area of longitudinal steel. 

Aa = area of concrete. 

P *5 total safe load. 
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SPECIFICATIONS FOR PORTLAND CEMENT 


(American Society for Testing Materials) 

(Serial Designation: C9-26) 

1. Definition. — Portland cement is the product obtained by finely pulverizing clinker produced by calcining 
to incipient fusion an intimate and properly proportioned mixture of argillaceous and calcareous materials, with 
no additions subsequent to calcination excepting water and calcined or uncalcined gypsum. 

I. Chemical Propebties 

2. Chemical Limits. — The following limits shall not be exceeded: 

Loss on ignition 

Insoluble residue 

Sulphuric anhydride (SO3) 

Magnesia (MgO) 

II. Physical Properties 

3. Fineness. — The residue on a standard No. 200 sieve shall not exceed 22 % by weight. 

4. Soundness. — A pat of neat cement shall remain firm and hard and show no signs of distortion, cracking, 
checking, or disintegration in the steam test for soundness. 

5. Time of Setting. — The cement shall not develop initial set in less than 45 min. when the Vicat needle is used 
or 60 min. when the Gillmore needle is used. Final set shall be attained within 10 hr. 


6. Tensile Strength. — The average tensile strength in pounds per square inch of not less than three standard 
mortar briquets (see Section 47) composed of 1 part of cement and 3 parts of standard sand, by weight, shall be 
equal to or higher than the following: 



Storage of briquets 





Tensile strength, 
pounds per square inch 

Age at test, days 

Number of days in moist 

Number of days in 


air 

water 


7 

1 

6 

1 225 

28 

1 

27 

j 325 


7. The average tensile strength of standard mortar at 28 days shall be higher than the strength at 7 days. 


III. Packing, Marking, and Storage 

8. Packages and Marking. — The cement shall be delivered in packages as specified, with the brand and name 
of the manufacturer plainly marked thereon, unless shipped in bulk. When shipped in bulk, this information 
shall be contained in the shipping advices accompanying the shipment. A bag shall contain 94 lb. net. A barrel 
shall contain 376 lb. net. All packages shall be in good condition at the time of inspection. 

9. Storage. — The cement shall be stored in such a manner as to permit easy access for proper inspection 
and identification of each shipment and in a suitable weather-tight building which will protect the cement from 
dampness. 

IV. Inspection 

10. Inspection. — Every facility shall be provided the purchaser for careful sampling and inspection at either 
the mill or the site of the work, as may be specified by the purchaser. At least 12 days from the time of sampling 
shall be allowed for the completion of the 7-day test, and at least 33 days shall be allowed for the completion of the 
28-day tost. The cement shall be tested in accordance with the methods hereinafter prescribe. The 2S-day test 
need not be made if waived by the purchaser. 

V. Kbjection 

11. Rejection. — The cement may be rejected if it fails to meet any of the requirements of these specifieations. 

12. Cement remaining in storage prior to shipment for a period greater than 6 mo. after test shall be retested 
and shall be rejected if it fails to meet any of the requirements of these specifications. 

13. Cement shall not be rejected on account of failure to meet the fineness requirement, if, upon re-test, after 
drying at 100 deg. C. for 1 hour, it meets this requirement. 

14. Cement failing to meet the test for soundness in steam may be accepted if it passes a re-test using a new 
sample at any time within 28 days thereafter. The provisional acceptance of the cement at the mill shall not 
deprive the purchaser of the right of rejection on a re-test of soundness and time of setting at the time of delivery of 
cement to the purchaser. 

15. Packages varying more than 5 % from the specified weight may be rejected; and if the average weight of 
packages in any shipment, as shown by weighing 50 packages taken at random, is less than that specified, the entire 
shipment may be rejected. 


Per cent 

4.00 
0.85 

2.00 
5 00 
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SPECIFICATIONS FOR STRUCTURAL STEEL FOR BUILDINGS 

(American Society for Testing Materials) 

(Serial Designation: A9~24; 

I. Manufacture 

1, Process. — (a) Structural steel, except as noted in paragraph (b), shall be made by either or both of the fol- 
lowing processes: bessemer or open-hearth. 

(6) Rivet steel, and steel for plates or angles over ^4 in. in thickness which are to be punched, shall be made by 
the open-hearth process. 

II. Chemical Pkoperties and Tests 


2. Chemical Composition. — The steel shall conform to the following requirements as to chemical composition: 



Structural steel, 
per cent 

Rivet steel, 
per cent 

Phosphorus / bessemer 

Not over 0 . 10 
Not over 0.06 

Not over 0.06 

Not over 0.045 

/ open-hearth 

Sulphur 


• 


3. Ladle Analyses. — -(a) A carbon determination shall be made of each melt of bessemer steel, and determina- 
tions for manganese, phosphorus, and sulphur representing the average of the melts applied for each 12-hour period. 

(b) An analysis of each melt of open-hearth steel shall be made for carbon, manganese, phosphorus, and sulphur. 

(c) These analyses shall be made by the manufacturer from test ingots taken during the pouring of each melt. 
The chemical composition thus determined shall be reported to the purchaser or his representative and shall con- 
form to the requirements specified in Section 2. 

4. Check Analyses. — Analyses may be made by the purchaser from finished material representing each melt. 
The phosphorus and sulphur content thus determined shall not exceed that specified in Section 2 by more than 25 %. 

III. Physical Properties and Tests 


5. Tension Tests. — (a) The material shall conform to the following requirements as to tensile properties: 


Properties considered 

Structural steel 

Rivet steel 

Tensile strength, pounds per square inch 

55,000-65,000 

0.5 tensile strength 
33,000 
1,400,000* 

46,000-55,000 

0,5 tensile strength 
25,000 
1,400,000 

Yield point, minutes per square inch 

but in no case less than 

Elongation in 8 inches, minutes, per cent 

Elongation in 2 inches, minutes, per cent 

Tensile strength 

22 

Tensile strength 



* See Section 6. 


(6) The yield point shall be determined by the drop of the beam of the testing machine. 

6. Modifications in Elongation. — (a) For structural steel over in. in thickness, a deduction from the per- 
centage of elongation in 8 in. specified in Section 5(a) of 0.25 % shall be made for each increase of 3^3 in. of the 
specified thickness above in., to a minimum of IS %. 

(b) For structural steel under 6 in. in thickness, a deduction from the percentage of elongation in S in. 
specified in Section 5(a) of 1.25 % shall be made for each decrease of J^2 in. of the specified thickness below e in. 

7. Bend Tests. — (a) Bend-test specimens, except as specified in paragraph (b), shall stand being bent cold 
through 180 deg. without cracking on the outside of the bent portion, as follows: for material in. or under in 
thickness, flat on itself; for material over in. to and including in. in thickness, around a pin the diameter of 
which is equal to the thickness of the specimen; and for material over IJ^ in. in thickness, around a pin the 
diameter of which is equal to twice the thickness of the specimen. 

(b) Bend-test specimens for rivet steel shall stand being bent cold through 180 deg. flat on themselves without 
cracking on the outside of the bent portion. 
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8. Test Specimens. — (c) Test specimens shall be prepared for testing from the material in its rolled or forged 
condition, except as specified in paragraphs (6) and (c). 

(5) Test specimens for annealed material shall be prepared from the material as annealed for use or from a 
short length of a full section similarly treated. 

<c) Test specimens for rivet bars which have been cold drawn shall be normalized before testing. 

(d) Test specimens shall be taken longitudinally and, except as specified in paragraphs (/), (p), and Qi), shall 
be of the full thickness or section of material as rolled. 

(e) Test specimens for plates, shapes, and flats may be machined to form and dimensions shown in Fig. 1, or 
with both edges parallel. 

(/) Tension-test specimens for material over 1}^ in. in thickness or diameter, except pins and rollers, may be 
machined to a thickness or diameter of at least ^ in. for a length of at least 9 in., or they may conform to the 
dimensions shown in Fig. 2. 

(a) Bend-test specimens for material over 11^2 in. in thickness or diameter, except pins and rollers, may be 
machined to a thickness or diameter of at least in. or to 1 X in. in section. 

Qi) Tension-test specimens for pins and rollers shall conform to the dimensions shown in Fig. 2, and bend-test 
specimens shall be 1 X in. in section. 

(f) Test specimens for pins and rollers shall be taken so that tne axis is 1 in. from the surface. 

(;) The machined sides of rectangular bend-test specimens may have the corners rounded to a radius not over 
K 6 in. 




Fig. 2. 


9. Number of Tests. — (a) One tension and one bend test shall be made from each melt; except that if material 
from one melt differs H in. or more in thickness, one tension and one bend test shall be made from both the thickest 
and the thinnest material rolled. 

(6) If. any test specimen shows defective machining or develops flaws, it may be discarded and another specimen 
substituted. 

(c) If the percentage of elongation of any tension-teat specimen is less than that specified in Section 5 (o) and 
any part of the fracture is more than in. from the center of the gage length of a 2-in. specimen or is outside the 
middle third of the gage length of an 8-in. specimen, as indicated by scribe scratches marked on the specimen 
before testing, a re-test shall be allowed. 

IV. Permissible V.4.biations in Weights and Thickness 

10. Permissible Variations. — The cross section or weight of each piece of steel shall not vary more than 2.5 % 
from that specified; except in the case of sheared plates, which shall be covered by the following permissible varia- 
tions. One cubic inch of rolled steel is assumed to weigh 0.2833 lb. 

(a) When Ordered to Weight per Square Foot: The weight of each lof^ in each shipment shall not vary from the 

1 The term ‘Uot” applied to Table I means all the plates of each group width and group weight. 

weight ordered more than the amount given in Table I. 

(b) When Ordered to Thickness: The thickness of each plate shall not vary more than 0.01 in. under that ordered. 

The overweight of each lot^ in each shipment shall not exceed the amount given in Table II. 

1 The term “lot” applied to Table II means all the plates of each group width and group thickness. 

V. Finish 

11. Finish. — The finished material shall be free from injurious defects and shall have a workmanlike finish. 

VI. Marking 

12. Marking. — The name or brand of the manufacturer and the melt number shall be legibly stamped or rolled 
on all finished material, except that rivet and lattice bars and other small sections shall, when loaded for shipment, 
be properly separated and marked for identification. The identification marks shall be legibly stamped on the end 
of each pin and roller. The melt number shall be legibly marked, by stamping if practicable, on each'test specimen. 

VII. Inspection and Rejection 

13. Inspection. — The inspector representing the purchaser shall have free entry, at all times while work on the 
contract pf the purchaser is being performed, to all parts of the manufacturers’ works which concern the manufao- 
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t-ure of the materiai ordered. The manufacturer shall afford the inspector, without charge, all reasonable facilities 
to satisfy him that the material is being furnished in accordance with these specifications. All testa (except check 
analyses) and inspection shall be made at the place of manufacture prior to shipment, unless otherwise specified, 
and shall be so conducted as not to interfere unnecessarily w'ith the operation of the works. 

14. Rejection. — (a) Unless otherwise specified, any rejection based on teats made in accordance with Section 4 
shfill be reported within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its acceptance at the manufacturer's works will be 
rejected, and the manufacturer shall be notified. 

15. Re-hearing. — Samples tested in accordance with Section 4, which represent rejected material, shall be 
preserved for two weeks from the date of the test report. In case of dissatisfaction with the results of the tests, 
the manufacturer may make claim for a rehearing within, that time. 


Table I. — Permissible Variations op Rectangular Plates Ordered to Weight 



Permissible variations in 

average weights per square foot of plates 




for widths given, expressed in percentages of ordered weights 



Ordered weight 

Under 
48 in. 

48 to 
60 in.. 

60 to 
72 in.. 

72 to 
84 in.. 

84 to 
06 in., 

96 to 
lOS in., 

108 to 
120 in., 

120 to 
132 in. 

132 in. 

or 

Ordered weight 

(lb. per sq. ft.) 



excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

over 

(lb per sq. ft.) 


Over 

Under 

Over 

Under 

Over 

Under 

Over 

Under 

Over 

Under 

Over 

Under 

Over 

u 

(U 

'n 

d 

Over 

Under 

Over 

1 

a 

0 


j 

Under 5 

5.0 

3.0 

5.5 

3.0 

6.0 

3.0 

7.0 

3.0 











Under 5 

5 to 7.5 excl 

4.5 

3.0 

5.0 

3.0 

6.5 

3.0 

6.0 

3.0 









. . . 


5 to 7.5 excl. 

7,5 to 10 excl 

4.0 

3.0 

4.5 

3.0 

6.0 

3.0 

5.6 

3.0 

6.0 

3.0 

7.0 

3.0 

8.0 

3.0 





7.5 to 10 excl. 

10 to 12.5 excl 

3.5 

2.5 

4.0 

3.0 

4.5 

3.0 

5.0 

3.0 

6.5 

3.0 

6.0 

3.0 

7.0 

3.0 

8.0 

3 

9.0 

3 

10 to 12.5 excl. 

12 5 to 15 excl. . . . 

3.0 

2,5 

3.0 

2.5 

4.0 

3.0 

4.5 

3.0 

5.0 

3.0 

5.5 

3.0 

6.0 

3.0 

7.0 

3 

8.0 

3 

12.5 to 15 excl. 

15 to 17.5 excl 

2.5 

2.5 

3.0 

2.5 

3.5 

2.5 

4.0 

3.0 

4.5 

3.0 

5.0 

3.0 

5.5 

3.0 

6.0 

3 

7.0 

3 

16 to 17.6 excl. 

17.5 to 20 excl 

2.5 

2.0 

2.5 

2.5 

3.0 

2.5 

3.5 

2.6 

4.0 

3.0 

4.5 

3.0 

5.0 

3.0 

5,5 

3 

6.0 

3 

17.5 to 20 excl 

20 to 25 excl 

2.0 

2.0 

2.6 

2.0 

2.5 

2.5 

3.0 

2.5 

3.5 

2.5 

4.0 

3.0 

4.5 

3.0 

5.0 

3 

5.5 

3 

20 to 25 excl. 

25 to 30 excl ! 

2.0 

2.0 

2.0 

2.0 

2 5 

2.0 

2.6 

2.5 

3.0 

2.5 

3.5 

3.0 

4.0 

' 3.0 

4.5 

3 

5.0 

3 

25 to 30 excl. 

30 to 40 excl 

2.0 

2.0 

2.0 

2.0 

2 0 

2.0 

2.6 

2.0 

2.5 

2.6 

3.0 

2.5 

3.5 

3.0 

4.0 

3 

4.5 

3 

30 to 40 excl. 

40 or over 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.5 

2.0 

2.5 

2.5 

3.0 

2.5 

3.5 

3 

4,0 

3 

40 or over. 


Note. — The weight per square foot of individual plates shall not vary from the ordered weight by more than 
IJ-s times the amount given in this table. 


Table II. — Permissible Overweights of Rectangular Plates Ordered to Thickness 


Ordered 

thickness 

(inches) 

Permissible excess in average weights per square foot of plates 
for widths given, expressed in percentages of nominal weights 

Ordered 

thickness 

(inches) 

Under 
48 in. 

48 to 
60 in., 
cxcl. 

60 to 
72 in., 
excl. 

72 to 
84 in., 
excl. 

84 to 
96 in., 
excl. 

96 to 
108 in., 
excl. 

108 to 
120 in., 
excl. 

120 to 
132 in., 
excl. 

132 in. 

or 

over 

Under K 

9.0 

10.0 

12.0 

14.0 






Under H 

to ^6 excl 

8.0 

9.0 

10,0 

12.0 






H to He excl. 

He to excl 

7.0 

8.0 

9.0 

10.0 

12.0 





He to H excl. 

H to He excl 

6.0 

7.0 

8.0 

9.0 

10.0 

12.0 

14 

16 

19 

H to He excl. 

He to H excl 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

12 

14 

17 

He to H excl. 

H to He excl 

4.5 

5.0 

6.0 

7.0 

8.0 

9.0 

10 

12 

16 

H to He excl. 

He to excl 

4.0 

4.5 

5.0 

6.0 

7.0 

8.0 

9 

10 

13 

He to excl. 

H to H excl 

3.5 

4.0 

4.0 

6.0 

6,0 

7.0 

8 

9 

11 

H to H excl. 

H to H excl 

3.0 

3.5 

4.0 

4.5 

6.0 

6-0 

7 

8 

9 

H to H excl. 

H to t excl 

2 5 

3.0 

3.6 

4.0 

4.6 

5,0 

6 

7 

8 

H to 1 excl. 

1 or over 

2.5 

2.5 

3.0 

3.6 

4.0 

4,5 

5 

6 

7 

1 or over 
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SPECIFICATIONS FOR CONCRETE REINFORCEMENT 


SPECIFICATIONS FOR BILLET-STEEL CONCRETE 
REINFORCEMENT BARS 

(American Society for Testing Materials) 

(Serial Designation: A15-14) 

1. Material Covered. — (a) These specifications cover three classes of billet-steel concrete reinforcement bars, 
namely: plain, deformed, and cold twisted. 

(6) Plain and deformed bars are of three grades, namely; structural-steel, intermediate, and hard. 

2. Basis of Purchase. — (a) The structural-steel grade shall be used unless otherwise specified. 

(6) If desired, cold-twisted bars may be purchased on the basis of tests of the hot-rolled bars before twisting 
in which case such tests shall govern and shall conform to the requirements specified for plain bars of structural 
steel grade. 

3. Manufacture. — (a) The steel may be made by the bessemer or open-hearth process. 

(6) The bars shall be rolled from new billets. No re-rolled material will be accepted. 

4. Cold-twisted bars shall be twisted cold with one complete twist in a length not over 12 times the thickness of 
the bar. 

5. Chemical Properties and Tests. — The steel shall conform to the following requirements as to chemical 
composition: 


Phosphorus, bessemer, 
Open-hearth 


Per cent 
not over 0.10 
not over 0.05 


6. An analysis of each melt of steel shall be made by the manufacturer to determine the percentages of car- 
bon, manganese, phosphorus and sulphur. This analysis shall be made from a test ingot taken during the pouring 
of the melt. The chemical composition thus determined shall be reported to the purchaser or his representative, 
and shall conform to the requfrements specified in Section 5. 

7. Analyses may be made by the purchaser from finished bars representing each melt of open-hearth steel, 
and each melt, or lot of 10 tons, of bessemer steel. The phosphorus content thus determined shall not exceed that 
specified in Section 5 by more than 25%. 

8. Physical Properties and Tests. — (a) The bars shall conform to the following requirements as to tensile 
properties: 




Plain bars 


Deformed bars 


Properties considered 

Structural- 

steel 

grade 

Inter- 

mediate 

grade 

Hard 

grade 

Structural- 

steel 

grade 

Inter- 

mediate 

grade 

Hard 

grade 

Cold- 

twisted 

bars 

Tensile strength, lb. per sq. 

66,000 

70,000 

80,000 

55,000 

70,000 

80,000 

Kecorded 

in. 

to 

70,000 

to 

85,000 

min. 

1 

to 

70,000 

to 

85,000 

min. 

only 

Yield point, min,, lb. per sq. 
in. 

Elongation in 8 in. min. 

33,000 

40,000 

50,000 

33,000 

40,000 

60,000 

55,000 

1 

1,400,000 

1,300,000 

1,200,000 

1,250,000 

1,126,000 

1,000,000 


Tens. str. 

Tens. str. j 

Tens, str. 

Tens. str. 

Tens. str. 

Tens. str. 

O 


^ See Section 9. 
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(6) The yield point shall be determined by the drop of the beam of the testing machine. 

9. (a) Tor plain and deformed bars over ^ in. in thickness or diameter, a deduction of 1 from the percent- 
ages of elongation specified in Section 8(a) shall be made for each increase of in. in thickness or diameter above 
34 in. 

(h) For plain and deformed bars under a in. in thickness or diameter, a deduction of 1 from the percentages 
of elongation specified in Section 8(a) shall be made for each decrease of H 6 Iji- thickness or diameter below q in. 

10. The test specimen shall bend cold around a pin without cracking on the outside of the bent portion, as 
follows: 


Thickness or diameter of 
bar 

Plain bars 

Deformed bars 

Cold- 

twisted 

bars 

Structural- 

steel 

grade 

Inter- 

mediate 

grade 

Hard 

grade 

Structural- 

steel 

grade 

Inter- 

mediate 

grade 

, Hard 
grade 

Under % in. 

180 deg. 

d = t 

180 deg. 
d = t 

ISO deg. 

d ^ 2t 

90 deg. 
d ^2t 

180 deg. 
d ^ Zt 

90 deg. 
d 

180 deg. 

d ~ t 

180 deg. 
d = 2« 

180 deg. 
d = 3« 

90 deg. 
d ^ Zt 

180 deg. 
d » 

90 deg. 
d ss 

180 deg. 
d ^ 2t 

180 deg. 
d = 3i 

^ in. or over 



d «= diameter of pin about which the specimen is bent. 
i «= thickness or diameter of specimen. 


11. (o) Tension and bend test specimens for plain and deformed bars shall be taken from the finished bars 
and shall be of the full thickness or diameter of bars as rolled; except that the specimens for deformed bars may be 
machined for a length of at least 9 in., if deemed necessary by the manufacturer to obtain uniform cross-section. 

(b) Tension and bend test specimens for cold-twisted bars shall be taken from the finished bars, without 
further treatment; except as specified in Section 2(b). 

12. (a) One tension and one bend test shall be made from each melt of open-hearth steel, and from each melt, 
or lot of 10 tons, of bessemer steel; except that if material from one melt differs in. or more in thickness or diam- 
eter, one tension and one bend shall be made from both the thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops flaws, it may be discarded and another speci- 
men substituted. , 

(c) If the percentage ot elongation of any tension test specimen is less than that specified in Section 8(a) 
and any part of the fracture is outside the middle third of the gage length, as indicated by scribe scratches marked 
on the specimen before testing, a retest shall be allowed. 

13. Permissible Variations in Weight . — The weight of any lot of bars shall not vary more than 5 % from the 
theoretical weight of that lot. 

14. Finish. — The finished bars shall be free from injurious defects and shall have a workmanlike finish. 

15. Inspection and Rejection. — The inspector representing the purchaser shaft have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer's works which 
concern the manufacture of the bars ordered. The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the bars are being furnished in accordance with these specifications. All tests 
(except check analyses) and inspection shall be made at the place of manufacture prior to shipment, unless otherwise 
specified, and shall be so conducted as not to interfere unnecessarily with the operation of the works. 

16. (a) Unless otherwise specified, any rejection based on tests made in accordance with Section 7 shall bo 
reported within 5 working days from the receipt of the samples. 

(6) Bars which show injurious defects subsequent to their acceptance at the manufacturer’s works shall be 
rejected, and the manufacturer shall be notified. 

17. Samples tested in accordance with Section 7, which represent rejected bars, shall be preserved for 2 weeks 
from the date of the test report. In case of dissatisfaction with the results of the tests, the manufacturer may make 
claim for a rehearing within that time. 


STANDARD SPECIFICATIONS FOR RAIL-STEEL CONCRETE REINFORCEMENT BARS 

(American Society for Testing Materials) 

(Serial Designation: A16-14) 

1. The specifications cover three classes of rail-steel concrete reinforcement bars, namely: plain, deformed, 
and hot-twisted. 

2. Manufacture. — The bars shall be rolled from standard section T-rails. 

3. Hot-twisted bars shall have one complete twist in a length not over 12 times the thickness of the bar. 
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Properties considered 

Plain bars 

Deformed and hot- 
twisted bars 

Tensile strength, lb. ner so. in 

80,000 

50,000 

1,200,000 

Tens. str. 

Ro non 

Yield point, lb. per sq. in 

j OVf \J\J\J 

\ Fio non 

Elongation in 8 in.. 

1,000,000 

Tens. str. 



1 See Section 5. 


4. Physical Properties and Tests. — (a) The bars shall conform to the following minimum requirements as to 
tensile properties: 

(6) The yield point shall be determined by the drop of the beam of the testing machine. 

5. (a) For bars over % in. in thickness or diameter, a deduction of 1 from the percentages of elongation 
specified in Section 4 (a) shall be made for each increase of % in. in thickness or diameter above ^ in. 

{h) For bars under % e in. in thickness or diameter, a deduction of 1 from the percentages of elongation specified 
in Section 4(a) shall be made for each decrease of 3^6 in. in thickness or diameter below 6 in. 

6. The test specimen shall bend cold around a pin without cracking on the outside of the bent portion, as 
follows: 


* 

Thickness of diameter of bar 

Plain bars 

Deformed and hot- 
twisted bars 

Under in 

180 deg. 

ISO deg. 


d »= 3< 

d = 4t 

in. or over. 

90 deg. 

90 deg. 


d » 

d » 4t 


7. (a) Tension and bend test specimens for plain and deformed bars shall be taken from the finished bars, and 
shall be of the full thickness or diameter of bars as rolled; except that the specimens for deformed bars may be 
machined for a length of at least 9 in., if deemed necessary by the manufacturer to obtain uniform cross section. 

(6) Tension and bend test specimens for hot-twisted bars shall be taken from the finished bars, without further 
treatment. 

8. (a) One tension and one bend test shall be made from each lot of 10 tons or less of each size of bar rolled 
from rails varying not more than 10 lb. per yd. in nominal weight. 

(6) If any test specimen shows defective machining or develops flaws, it may be discarded and another specimen 
substituted. 

(c) If the percentage of elongation of any tension test specimen is less than that specified in Section 4(a) and 
any part of the fracture is outside the middle third of the gage length, as indicated by scribe scratches marked on the 
specimen before testing, a retest shall be allowed. 

9. Permissible Variations in Weight. — The weight of any lot of bars shall not vary more than 5% from the 
theoretical weight of that lot. 

10. Finish. — The finished bars shall be free from injurious defects and shall have a workmanlike finish. 

11. Inspection and Rejection. — The inspector representing the purchaser shall have free entry, at all times while 
work on the contract of the purchaser is being performed, to all parts of the manufacturer’s works which concern the 
manufacture of the bars ordered, The manufacturer shall afford the inspector, free of cost, all reasonable facilities 
to satisfy him that the bars are being furnished in accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

12. Bars which show injurious defects subsequent to their acceptance at the manufacturer’s works will be 
ejected, and the manufacturer shall be notified. 

TENTATIVE SPECIFICATIONS FOR COLD-DRAWN STEEL-WIRE REINFORCEMENT 

(American Society for Testing Materials) 

(Serial Designation: A82-21 T) 

1. Material Covered. — These specifications cover oold-drawn steel wire to be tised as sujtsh, or in fabricated 
form, for the reinforcement of concrete, in gages not less than 0.080 in. nor greater than 0.500 in. 

2. Basis of Purchase. — When wire is ordered by gage number, the following relation between number and 
diameter, in inches, shall apply unless otherwise specified; 
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Gage number 

Equivalent diameter, 
inches 

Gage number 

Equivalent diameter, 
inches 

0,000,000 

0.4900 

5 

0.2070 

000,000 

0 4615 

6 

0.1920 

00,000 

0.4305 

7 

0.1770 

0,000 

0.3938 

8 

0.1620 

000 

0.3625 

9 

0.1483 

00 

0.3310 

10 

0.1350 

0 

0.3065 

11 

0.1205 

1 

0.2830 

12 

0.1055 

2 

0 2625 

13 

0.0915 

3 

0.2437 

14 

0 0800 

4 

0.2253 




I. Manufacture 

3. Process. — (a) The steel shall be made by either or both of the following processes: bessemer or open hearth. 

(6) Drawing. — The wire shall be cold drawn from rods hot rolled from billets. 

IL Physical Properties and Tests 

4. Tension Tests. — (a) The wire, except as specified in paragraphs (6) and (c), shall conform to the following 
minimum requirements as to tensile properties: 

Tensile strength 80,000 lb. per sq. in. 

Reduction of area 30 % 

(b) For wire to be used in the fabrication of mesh, a minimum tensile strength of 70,000 lb. per sq. in. shall 
be permitted. 

C<s) For wire testing over 100, 000-lb. -per-aq.~in. tensile strength, the reduction of area shall be not less than 
25 %. 

5. Bend Tests. — The test specimen shall withstand being bent cold through 180 deg. without cracking on the 
outside of the bent portion. 

For wire 0.3 in diameter or under, around a pin the diameter of which is equal to the diameter of the specimen. 

For wire over 0.3 in. in diameter or under, around a pin the diameter of which is equal to twice the diameter 
of the specimen. 

6. Test Specimens. — Tension, and bend-test specimens shall be of the full-size section of the wire as drawn. 

7. (a) One tension and one bend test shall be made for each 10 tons or less or each size of wire. 

(6) If any test specimen shows defects or develops flaws, it may be discarded and another specimen substituted. 

III. Permissible Variations in Gage 

8. The diameter of the wire shall not vary more than 0.003 in. from the size ordered. 

IV. Finish 

9. Finish. — The finished wire shall be free from injurious defects and shall have a workmanlike finish, with 
smooth surface. 

V. Inspection and Rejection 

10. Inspection. — The manufacturer shall afford the inspector, without charge, all reasonable facilities to Satisfy 
him that the wire is being furnished in accordance with these specifications. All tests and inspection shall be made 
at the place of manufacture prior to shipment, unless otherwise specified, and shall be so conducted as not to inter- 
fere unneoessaiily with the operation of the works. 

11. Rejection. — Wire which shows injurious defects subsequent to its acceptance at the manufacturer’s works 
shall be rejected, and the manufacturer notified. 
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SPECIFICATIONS FOR CONCRETE BUILDING BLOCK, TILE AND BRICK 


AMERICAN CONCRETE INSTITUTE TENTATIVE SPECIFICATIONS FOR CONCRETE 
BUILDING BLOCK AND CONCRETE BUILDING TILE 


(Serial Designation: P-1-A28T) 


I. General 

1. The purpose of these specifications is to define the requirements for concrete building block and concrete 
building tile to be used in construction. 

2. The word “concrete” shall be understood to mean Portland cement concrete. 

3. Strength Re<iuiremeuts.^ — The average compressive strength of three or more concrete block or concrete 
building tile in lb, per sq, in, of gross cross-sectional area as laid in the wall shall not be less than 700 lb., no 
one unit falling below 600 lb. 28 days after being manufactured or when shipped. 

Wherever block or building tile are used to carry unusua Iheavy loads, the average compressive strength 
of three or more of these units 28 days after being manufactured or when shipped in lb. per sq. in. of gross cros- 
seotional area as laid in the wall shall be at least ten times the figured superimposed load to be applied. 

N on-load-bearing concrete block and concrete tile shall have sufficient strength necessary to prevent excess- 
ive breakage during delivery and handling. 

4. The gross cross-sectional area of a one-piece concrete block or tile shall be considered as the product of the 
length times the width of the unit as laid in the wall. No allowance shall be made for air spaces in hollow units. 
The gross cross-sectional area of each unit of a two-piece block or tile shall be considered the product of the length 
of the unit times one-half the thickness of the wall for which the two-piece block or tile is intended. 

5. The compressive strength of the concrete in units of all classifications except non-load-bearing block shall 
be at least 1000 lb. per sq. in., when calculated on the minimum cross-sectional area in bearing. 

6. Absorption Requirements. — Concrete building block and tile to be exposed to soil or weather in the finished 
work (without stucco, plaster, or other suitable protective covering) shall meet the requirements of the absorption 
test. 

7. All concrete building block and tile not covered by paragraph 6 need not meet an absorption requirement. 

S. Concrete block and tile shall not absorb more than 10 % of the dry weight of the unit when tested as herein- 
after specified, except when it is made of concrete weighing less than 140 lb. per cu. ft. For block or tile made with 
concrete weighing less than 140 lb. per ou. ft. the absorption in per cent by weight shall not be more than 10 multi- 
plied by 140 and divided by the unit weight in pounds per cubic foot of the concrete under consideration. 

9. Sampling.- — Specimens for tests shall be representative of the commercial product of the plant, 

10. Not less than three and preferably five specimens shall be required for each test. 

11. The specimens used in the absorption test may be used for the strength test. 


• II. Methods or Testing 

12. Absorption Test. — The specimens shall be immersed in clean water at approximately 70 deg. F. for a period 
of 24 hours. They shall then be removed, the surface water wiped off, and the specimens weighed. Specimens 
shall be dried to a constant weight at a temperature of from 212 to 250 deg. F. and re-weighed. Absorption is the 
difference in weight divided by the weight of the dry specimens and multiplied by 100. 

13. Weight of Concrete. — The weight per cubic foot of the concrete in a block or tile is the weight of the unit in 
pounds divided by its volume in cubic feet. To obtain the volume of the unit, fill a vessel with enough water to 
immerse the specimen. The greatest accuracy will be obtained with the smallest vessel in which the specimen can 
be immersed with its length vertical. Mark the level of the water, then immerse the saturated specimen and weigh 
the vessel. Draw the water down to its original level and weigh the vessel again. The difference between the two 
weights divided by 62.5 equals the volume of the specimen in cubic feet, 
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14. Strength Test, — Specimens for the strength test shall be dried to constant weight at a temperature of from 

212 to 250 deg. F. j u • i.. 

15. The specimens to be tested shall be carefully measxired for overall dimensions of length, width, and height. 

16. Bearing surfaces shall be made plane by capping with plaster of Paris or a mixture of one-half Portland 
cement and one-half Plaster of Paris, which shall be allowed thoroughly to harden (from 3 to 6 hours) before the 
test. No point on the surface shall deviate from the plane more than 0,003 in. The cap shall not be thicker than 

in. It shall be formed by means of an accurately machined metal plate or a heavy plate glass having a true 
surface. 

17. Specimens shall be accurately centered in the testing machine. 

18. The load shall be applied through a spherical bearing block placed on top of the specimen. The rate of 
loading after 50 % of the ultimate load has been applied shall not be greater than that which will produce a short- 
ening of the specimen of 0.02 in. per min. 

19. When testing other than rectangular block or tile, care must be taken to see that the load is applied through 
the center of gravity of the specimen. 

20. Machined-steel or cast-iron plates of sufficient thickness to prevent apprecial 'e bending shall be placed 
between the spherical bearing block and the specimen. In no case shall the distance betw’een the edge of the 
spherical bearing block and the end of the bearing plate be greater than twice the thickness of the plate. Where 
a number of thin plates are used, in no case shall the plates be less than 1 in thick, nor shall any plate extend 
beyond the one immediately above it a greater distance than twice the thickness of the plate. 

21. The specimen shall be loaded to failure. 

22. The compressive strength in pounds per square inch of gross cross-sectional area is the total applied load in 
pounds divided by the gross cross-sectional area in square inches. 


AMERICAN CONCRETE INSTITUTE TENTATIVE SPECIFICATIONS FOR CONCRETE 

BRICK 

(Serial Designation: P-1-B26T) 

1. Genebal 

1. The purpose of these specifications is to define the requirements for concrete brick to be used in construction. 

2. The word "‘concrete” shall be understood to mean Portland cement concrete. 

3. The average compressive strength of concrete brick 28 days after being manufactured or when shipped shall 
not be less than 1500 lb. per sq. in. of gross cross-sectional area as laid in the wall, and the compressive strength of 
any individual brick shall be not less than 1000 lb. per sq. in. of gross cross-sectional area as laid in the wall. 

4. The gross cross-sectional area of a brick shall be considered as the product of the length times the width of 
the unit as laid in the wall. 

5. Concrete brick shall not absorb more than 12 % of the dry weight of the brick when tested, as hereinafter 
specified, except when they are made of concrete weighing less than 125 lb. per cu. ft. For brick made of concrete 
weighing less than 125 lb. per cu. ft., the average absorption in percentage by weight shall not be more than 12 
multiplied by 125 and divided by the unit weight in pounds per cubic feet of the concrete under consideration. 

6. Specimens for tests shall be representative of the commercial product of the plant. 

7. Five specimens shall be required for each test. 

8. The specimens used in the absorption test may be used for the strength test. 

II. Mbthops op Testing 

9. Absorption Test. — The specimens shall be immersed in clean water at approximately 70 deg. F. for a period 
of 24 hours. They shall then be removed, the surface water wiped off, and the specimens weighed. Specimens 
shall be dried to a constant weight at a temperature of from 212 to 250 deg. F. and re-weighed. Absorption is the 
difference in weight divided by the weight of the dry specimens and multiplied by 100. 

10. Strength Test. — Specimens for the strength test shall be dried to constant weight at a temperature of from 
212 to 250 deg, F. 

11. The specimens to be tested shall be carefully measured for overall dimensions of length, width, and thick- 
ness. 

12. Bearing surfaces shall be made plane by capping with plaster of Paris or a mixture of Portland cement and 
plaster which shall be afiowed to harden thoroughly before the test. 

13. Specimens shall be accurately centered in the testing machine. 

14. The load shall be applied through a spherical bearing block placed on top of the specimen. 

15. Metal plates of sufficient thickness to prevent appreciable bending shall be placed between the spherical 
bearing block and the specimen. 

16. The specimen shall be loaded to failure. 

17. The compressive strength in pounds per square inch of gross oross-sectional area is the total applied load in 
pounds divided by the gross cross-sectional area in square inches. 
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SPECIFICATIONS FOR STRUCTURAL WOOD JOIST, PLANKS, BEAMS, STRINGERS, 

AND POSTS 

(American Society for Testing Materials) 

(Serial Designation: D24o-27) 

A. STRUCTURAL GRADES OF LUMBER AND TIMBER AND THE METHOD OF THEIR 

DERIVATION 

1. Purpose. — The purpose of structural grades is to offer means for selecting structural material for strength, 
and for uniformity in strength, in order that appropriate working stresses may be assigned for its use. 

2. Factors of Strength. — The most important factors which influence the strength of structural material are the 
size, number and location of defects, and the extent of exposure to moisture during use. These factors must all be 
considered in design or grading if the maximum utilization is to be obtained from the material used. 

3. Structural Grades and Strength. — Structural grades control defects by limiting their size and location in 
accordance with their effect upon strength. Working stresses for each species are recommended by the Forest 
Products Laboratory, U. S. Forest Service, and take into consideration the allowable defects, the moisture content as 
determined by conditions of use, and, in the case of southern pine and Douglas fir, rate of growth and percentage 
of hummerwood. 

4. Moisture. — Moisture affects the strength of structural timbers both directly and indirectly. The direct 
effect of loss of moisture is the stiffening and strengthening of the wood fibers. This increase in strength, however, 
is accompanied by checking, splitting, warping, and twisting; as a consequence, some of the strength due to drying is 
lost. Timbers are also subject, during use, to varying conditions of moisture, from the dry location of a heated 
building, to the continuously wet condition of some pier and dock timbers. All of these condition are taken into 
account in recommending working stresses under different conditions of use. 

6. Size Effects. — In dimension material, 4 in. and less in thickness, the development of defects during season- 
ing does not offset the increase in strength from drying so much as in larger sizes, and in these sizes used in dry 
locations, higher working stresses in extreme fiber in bending can be recommended than in pieces of larger size 
having proportionately equivalent defects. 

6. Defects. — The principal defects which must be limited in structural grades are knots, shakes and checks, 
and angle of grain. 

7. Influence of Knots. — The influence of a knot is determined by its location in a piece and the area of its 
projection on the cross-section of the piece, the method of measurement being such as to give the best approximation 
of this influence. Knots in posts and heavy beams, which are likely to show only on one face or to run diagonally 
through the piece, reduce the strength in practically direct proportion to their size as measured. In dimension 
sizes, such as joist, in which the knot is likely to run directly through the piece, the strength is measured by the 
square of the effective depth, assuming the knot in its worst position, near the edge of the piece, and the reduction 
in strength due to the knot is approximately twice the ratio of the size of the knot to the width of the face. In 
similar material used flat, as plank, the influence of a knot is directly proportional to the size, as on the top and 
bottom edges of beams. 

8. Location of Knots, Joist, and Plank. — Knot limitations on edges of wide faces of dimension sizes, for use as 

joist, are more severe than would be required for^us© flat, as plank, the sizes applying along the center lines of the 
wide faces as joist being those which could theoretically apply at any point across the width if used only as plank. 
It has been found, however, that under practically all conditions of use, knots along the edges of planks are more 
objectionable than knots along the center lines, and this is recognized in some commercial yard grades of plank in a 
stricter limitation of knots along the edges of the wide faces than along the center lines. The^same knot limitations 
are applied, therefore, to material to be used either as joist or plank, and the same working. stresses are assigned for 
use either on edge or flat. , < .• v ’ 'i- 

9. Increase in Size of Knots. — In both joist and beams, knots reduce strength most along the top and bottom 
edges through the center portion. The sizes of knots permitted in various portions of a joist or beam are limited 
in accordance with the stresses, and they are allowed to increase toward the ends and toward the center lines of the 
vertical faces, no knot, however, being permitted of more than double tke size allowed at the point of maximum 
stress. 

10. Small and Large Knots. — There is greater proportional distortion of grain around a large knot than 
around a smaller on^, and shrinkage in seasoning causes greater intejnal stresses, so knot sizes are increased 
proportionately to width of faces only up to d^ii^. top and bottom faces of beams, 12-in. vertical faces of beams, 
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and 12-m. faces of dimension material and posts. Beyond these widths of face, increase is proportional to the 
square root of the ratio of the wider faces to these widths. The distribution and aggregate diameter of knots 
is limited as well as the maximuni size of the single knot. 

11. Aggregate Diameter of Knots. — The aggregate diameter of all knots in the center half of the length on 
any face of a beam or stringer shall be limited, in direct proportion to an aggregate diameter of twice the width of 
the face in a grade having 50 % of the strength of clear wood. In joist and plank, in dry locations, the aggregate 
diameter of knots in the center half of the length of any face may be greater by one-half the width of the face than 
the aggregate diameter permitted in beams and stringers. In posts and columns, the aggregate diameter of all 
knots in any 6 in. of length, in any grade, shall not exceed twice the size of the maximum knot allowable. 

12. Knots in Joist and Plank. — In joist and plank, the mean or average diameter of a knot is taken as its size. 
In such thin and relatively wide material, whether used on edge or flat, this is a safe measure of the influence of 
knots on strength and has the commercial advantage of being directly applicable to yard grades of lumber. This 
method of measurement will exclude damaging spike knots and can be applied to them as well as to round or oval 
knots. 

13. Knots in Beams.— On the top or bottom of a beam, the influence of knots is measured largely by the surface 
fibers cut. The projection of the knot on a line at a right angle to the edge is, therefore, used. On the vertical 
face of a beam, the depth to which a knot penetrates is of great importance, while the influence of the number of 
surface fi.bers cut, and the amount of grain distortion, is considerably less important than on the horizontal faces. 
The smallest diameter of the knot is, therefore, used. 

14. Spike Knots. — One of the best examples illustrating the reason for the smallest diameter’s being taken on 
the vertical face is the splitting of a boxed-heart timber into two pieces. The long spike knots which might be 
opened up in this way would be no more injurious to the strength of the two pieces than they would as a single 
knot in a boxed-heart piece, and the two pieces so cut would be less subject to seasoning checks than a boxed- 
heart piece. 

15. Knots in Columns. — In columns there are two factors — area of cross-section occupied by a knot, which 
would probably be measured best by the small diameter of the knot; and the influence of bending stresses when the 
column begins to fail, probably measured best by the projection of the knot. In short columns, the area of the cross- 
section is of primary importance; as the column gets longer, the factor of bending strength increases in importance 
until the condition of the Euler formula is reached, when stiffness, on which knots have practically no influence, 
becomes the'rubng factor. The average diameter, therefore, is used as that which applies best to the aver|ge 
condition. 

3 6. Knots and Holes. — In grades for structural uses, no distinction is made between intergrown knots and 
encased knots or knot holes, observation at the Forest Products Laboratory in recent tests having shown that 
intergrown knots reduce strength fully as much as encased knots or knot holes. 

17. Shakes and Checks. — Shakes reduce the area of a beam acting in resistance to shear, and the limitations 
placed on shakes are based on this reduction. Checks are limited on the same basis as shakes, and no combination 
of shakes and checks is permitted which would reduce strength to a greater extent than would the allowable size of 
either separately. 

18. Shakes and checks in dense select and select joist and plank shall not exceed when green one-fourth the 
width of end nor when seasoned one-third the width of end. 

Shakes and checks in common joist and plank shall not exceed when green four-tenths the width of end nor 
when seasoned four-ninths the width of end. 

Shakes and checks in dense select and select beams and stringers shall not exceed when green ono-fourth the 
width of end nor when seasoned one-third the width of end. 

Shakes and checks in common beams and stringers shall not exceed when green four-tenths the width of end 
nor when seasoned four-ninths the width of end. 

Shakes and checks in dense select and select posts and timbers shall not exceed when green four-tenths the 
width of end nor when seasoned one-half the width of end. 

Shakes and checks in common posts and timbers shall not exceed when green one-half the width of end nor 
when seasoned six-tenths the width of end. 

19. Slope of Grain. — Slope of grain, resulting either from diagonal sawing or from spiral or twisted grain in tho 
log, is limited in accordance with the recommendation of the Forest Products Laboratory, based on the results of 
detailed study of the effect of cross- and spiral grain upon strength and the weakening of material by chocks which 
invariably develop and, without exception, follow the grain. There is not much reduction in strength from cros.s- 
grain until an angle of grain of 1 in 40 is reached. From that slope in a beam an angle of grain of 1 in 20 reduces 
the strength about one-eighth; 1 in 15, about one-quarter; 1 in 11, about three-eighths; and 1 in 8, about ono-half. 
In a post or column an angle of grain of 1 in 15 reduces the strength about one-eighth; 1 in 11, about ono-quartcr; 
1 in S, about three-eighths; and 1 in 6, about one-half. 

20. Wane and Knots. — Wane is limited by such consideration as bearing area, nailing edge, appearance, etc., 
rather than by effect on strength. The percentage reduction in strength resulting from wane toward tho center 
oi a beam is about double the percentage reduction in cross-sectional area. No combination of wane and kilots is 
permitted which would reduce the strength more than the maximum allowable knot. The occurrence of maximum 
wane and maximum knot in the same cross-section at the center of a beam would be so rare, however, and the effect 
of allowable maximum wane is so small a percentage of the effect of maximum allowable knot, that the additional 
reduction in strength beyond the effect of the, knot would be slight, and it is usually unnecessary to give attention 
to combination of wane and knot. 

21 Pitch Pockets. — Pitch pockets are ordinarily not defects in a structural grade. A large number, however, 
indicates a general lack of bond, and such a piece should be carefully inspected for shakes. 
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22. Heartwood and Sapwood. — Heartwood and sap wood have been found by the Forest Products Laboratory 
to be of equal strength, and no requirement of heartwood need be made when strength alone is the governing factor. 
Heart requirement, when durability of untreated material under exposure is a factor, as in bridges, trestles, docks 
and piers, or in damp buildings or buildings in which conditions of high humidity prevail, may be specified in any 
grade, according to exposure and use. When preservative treatment is to be applied, there should be no restriction 
as to sapwood, as sapwood is easier to treat than Heartwood, and a large amount is to be preferred. 

23. Density and Strength. — The density of the wood substance of all species is practically the same. The dry 
weight is, therefore, a measure of the amount of wood substance present; and on the amount of wood substance 
present depends the strength of the clear wood. No pieces of exceptionally light weight are permitted in the select 
grades, but hght-weight pieces otherwise of select grade may be accepted in the common grades. 

24. Density and Summerwood. — In southern pine and Douglas fir, the proportion of summerwood — the dark 
portion of the annual ring — furnishes a practical means of estimating density. Selection of these species for density, 
to the extent tnat dense material is commerciaily available, assures material of tne highest character from the 
standpoint of strength, and uniformity in strength, in the clear wood. 

25. Rate of Growth and Strength. — Selection of these species for rate of growth is not so great an assurance 
of increased strength as selection for percentage of summerwood, but for many purposes selection for rate of growth 
will assure material of suitable type. Close grain, that is, not less than 6 nor more than 20 annual rings per inch, 
is required in the select structural grades of these species. 

26. Contrast between Summerwood and Springwood. — In acceptance for density the contrast in color between 
summerwood and springwood should be distinct. Absence of contrast occasionally occurs in bands of growth 
rings which appear, on the whole, darker in color than the adjacent material. The summerwood merges into the 
springwood abnormally with a gradual change of color, leaving practically no material which has the normal 
appearance of springwood. Such material has been called by a number of names, including proudwood, redwood, 
and compression wood. It has a decided end shrinkage, is weak in tension, and even a small part of a cross-section 
of this character is undesirable in high-class structural timbers. 

27. Minimum Requirements and Maximum Defects. — Structural grades specify minimum requirements and 
maximum defects, all of which may be present at one time. When a particular piece which is being inspected, 
therefore, is sUghtly below the provisions of the grade in some respects but is of average density or above, the 
relative effect on the properties affected should be given consideration. 

28. Re-inspection. — In inspection for density, reasonable variation of opinion among inspectors should be 
recognized. A fair provision for re-inspection of a particular lot of timbers for density would be that for every 
three timbers accepted as having one-third or more summerwood, one of the remaining timbers be accepted if 
having 30 and 33 H % summerwood. 

29. Yard Grades and Cutting Grades. — A large percentage of material in standard yard grades of “dimen- 
sion” and “timbers” will meet the additional requirements of structural grades for joist and plank and posts and 
timber, and material to meet these requirements can easily be selected from local stocks: select from select common 
and merchantable grades, and common from No. 1 common grade. Beams and stringers vary materially in size 
and are not stocked extensively. These are essentially special-order grades. 

30. Joist and Plank, Beams and Stringers! — As previously noted, the provisions of the ioist-and-plank grades 
are such that material graded by them may be used on edge, as joist or rafters, or flat, as scaffold plank or factory 
flooring. Joist-and-plank grades apply to material not thicker than 4 in. Material thicker than 4 in. for use in 
bending should be graded by beam-and-stringer grades. In such material with loads applied to the wide face, the 
knot requirements for this face are those for the narrow face as given in the rules. 

31. Timbers Used as Beams and Stringers. — Material to be used for such purposes as caps, bridge ties, etc., 
where strength in bending is a factor, should be specified in beam-and-stringer grades although of shape more 
commonly considered as of timber grades, as the method of measuring knots in post-and-timber grades makes it 
impracticable to assign bending stresses to them. Caps and bridge ties are often square or have horizontal faces 
wider than the vertical faces, in contrast to beams and stringers in which the narrow faces are horizontal faces and 
the wide faces are vertical, and this should be noted in applying the knot provisions of the beam-and-stringer grade 
to such material. 


Intboduction to Strxtctueal Rttlss 

32. The following rules for structural grades conform to the Basic Provisions for the Selection and Inspection 
of Softwood Dimension and Timbers where Working Stresses Are Required accepted at the General Lumber Con- 
ference, Washington, D. C., May 1, 1925, as the basis for the preparation of grading rules for structural material. 

33. They are complete rules, covering all conditions necessary for consideration in structural grading, and are 
divided into sections from which combinations are made covering specific purposes and conditions. 

34. These specifications may be used for mill orders and for selection from or appraisal of stock on hand in 
rnanufacturerfl', middlemen’s, or users’ stock. 

36. The rules cover the following grades and use classifications; 


Grades 

Dense select Douglas fir and southern pine 

Douglas fir and southern pine 

Other softwood species 

Common’ softwood species 
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Uses 

Joist and plank 5 , , .'< 1 , . 

Beams and stringers •.-ci’: 

Posts and timbers 

Optional Provisions 

Wane 

Square edges 

Heartwood requirement 

Sapwood permissibility 


Joist, rafters, bracing, scaffold plank, factory flooring, etc. 

.Beams, girders, stringers, bridge ties, caps, etc. 

Posts, sills, caps, timbers, etc. 

Where permissible 

Where required or desired 

For durability of untreated timbers 

For material to be treated 


Sizes of Joist and Plank 


Joist, rafters, scaffold plank, factory flooring, etc. 

Nominal thickness 

Nominal widths 

Standard thickness 


Standard widths. 


2 to 4 in. 

4 in and wider 

SIS or S 2 S: % in. off 
2 to 7 in., SIE or S2E: % in. off 

5 in. and wider, SIE or S2E: in. off 


Sizes of Beams and Stringers 

Beams, Girders, Stringers, etc. 

Nominal thickness 5 in. and thicker 

Nominal widths 8 in. and wider 


Posts, Caps, Sills, Timbers, etc. 
Nominal sizes 


Sizes op Posts and Timbers 


6 X 6 in. and larger 


B SPECIFICATION REQUIREMENTS FOR STRUCTURAL WOOD JOIST, PLANK, 
BEAMS, STRINGERS, AND POSTS 

TIMBER-SIZE REQUIREMENTS 

1. (a) Joist and Plank, Surfaced. — Structural joist and plank shall be when surfaced SIS or S2S not thin- 
ner than the nominal dimension less in. and when surfaced SlE or S2E not narrower than the nominal width 
less K ill* for" sizes 2 to 7 in. inclusive and less in. for sizes 8 in, and wider. 

1 . Q>) Beams and Stringers, Posts and Timbers, Surfaced. — Structural beams and stringers and posts and 
timbers shall be, when surfaced SIS, SIE, S2S, S4S, not smaller than the nominal size less in. for sizes 7 in. and 
less and less in. for sizes 8 in, and over. i 

1. (fi) Joist and Plank, Rough.-— Rough structural joist and plank shall not be thinner than the nominal 
dimension less in. and not narrower than the nominal width less )>i, in. for sizes 2 to 7 in. inclusive and less ^ in. 
for sizes 8 in. and wider. 

1. (d) Beams and Stringers, Posts and Timbers, Rough. — Rough structural beams and stringers and posts 
and timbers shall not be smaller than the nominal size less in. for sizes 7 in. and less, and less H in* for sizes 
S in. and over. 

GRADE REQUIREMENTS 

2 . Sound Wood. — This material shall contain only sound wood. 

General 

3. (a) Weight. — No pieces of exceptionally light weight shall be permitted, except that light-weight pieces 
otherwise of select grade may be accepted in common grade. 

(b) Shake, Checks and Splits. — Shake shall be measured on the ends of a piece, and its size shall be taken as 
the shortest distance between lines enclosing the shake and parallel to the wide faces of the piece. Chocks and 
splits shall be limited as provided for shakes. No checks or combinations of checks with shakes which would 
reduce the strength to a greater extent than the allowable shake shall be permitted, 

^ (c; Wane and Knots. — Where wane is permitted, there shall be no combination of wan© and knots which would 
reduce the strength more than the maximum allowable knot. 

(d) Cluster Knots. — Cluster knots and knots in groups are not permitted. 

(e) Holes, — ICnot holes and holes from other causes than knots shall be permitted as provided for knots. 

(/) Knot Measurement. — The size of a knot shall be measured on the section of the knot appearing on the 

surface under consideration. 

(ff) Mean Diameter. — When the mean or average diameter of a knot is specified, the size shall be taken as 
the average of the maximum and minimum diameters. 

(h) Spike Knots. — Knot sizes specified shall be applied to spike knots as well as to round knots. 

(i) Spike Knot Mean Diameter. — The mean or average diameter of a spike knot shall be taken as the average 
of its length and its maximum width. 

Knots 

Joist and Plank 

4. (a) Wide Faces. — On the wide faces of joist and plank, the measurement of a knot shall be made on the 
mean or average diameter. 
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(6) Narrow Faces. On the narrow faces of joist and plank, the size of a knot shall be taken as its width between 
lines parallel to the edges of tne piece. 

(c) Increase to Ends, The size of knots on the narrow faces and edges of wide faces of joist and plank may 
increase proportionately from the size allowed in the middle third to twice that size at the ends of the pieces. 

(d) Increase to Center Line. — The size of knots on the wide faces of joist and plank may increase proportion- 
ately from tne size allowed at the edge to that allowed at the center line. 

Beams and Stringers 

5. (a) Narrow Faces. — On the narrow or horizontal faces of beams and stringers the size of a knot shall be 
taken as its width between lines parallel to the edges of the timber, 

(b) Wide Faces. — On the wide or vertical faces of beams and stringers the smallest diameter of a knot shall 
be taken as its size. 

(c) Edges. — Knots on the edges of wide or vertical faces of beams and stringers are limited to the same size as 
on the adjacent narrow or horizontal faces, except that the size is measured on the least diameter of the knot instead 
of on its width between lines parallel to the edges of the timber. 

(d) Increase to Ends. — The size of knots on the narrow or horizontal faces and edges of wide or vertical faces 
of beams and stringers may increase proportionately from the size allowed in the middle third to twice that size 
at the ends of the piece. 

(e) Increase to Center Line. — The size of knots on the wide or vertical faces of beams and stringers may increase 
proportionately from the size allowed at the edge to that allowed at the center line. 

Posts and Timbers 

6. Mean Diameter. — In posts and timbers, the measurement of a knot shall be made on the mean or average 
diameter. 

7. Maximum Size of Knots in Dense Select and Select Joist and Plank. 


(a) Knots on Wide Faces 


Width of face, inches 

Size of knot, inches 

On or near edge, middle third of 
length 

Center line of face 

4 



6 

1 

2 

8 

m 

2H 

10 

m 


12 

2H 

4 

14 

2H 

414 

16 

2H 

m 


(6) Knots on Narrow Faces of Boxed-heart Pieces 

Size of knot, inches 

Thickness of piece, inches Middle third of length 

2 H 

3 1 

4 lU 

(c) The sum of the diameters of all knots within the center half of the length of a joist or plank on any face 
shall not exceed one and one-half times the width of face on which they occur. 

8. Maximum Size of Elnots in Common Joist and Plank. 


(a) Knots on Wide Faces 


Width of face, inches 

Size of knot, inches 

On or near edge, middle third of 
length 

Center line of face 

4 

1 


6 

IH 


8 

2 

ZH 

10 


4Ji 

12 

3 


14 


SH 

16 ! 

ZH 

6 







1496 


HANDBOOK OF BUILDING CONSTRUCTION 


(6) Knots on Nahbow Faces of Boxed-hbart Pieces 

Thickness of piece, inches Size of knot, inches 

Middle third of length 

2 U 

3 

4 IH 


(c) The sum of the diameters of all knots within the center half of the length of a joist or plank on any face 
shall not exceed twice the width of face on which they occur. 

9. Maximum Size of Knots in Dense Select and Select Beams and Stringers, {a) 


Width of face, inches 

Size of knot, inches 

Narrow or horizontal face, middle 
third of length 

Center line of wide or vertical face 

5 

m 

IH 

6 

iH 

iH 

8 

m 

2 

10 

2 

2H 

12 

2H 

3 

14 

2H 

SH 

16 

2JI 


18 



20 


3K 

22 


4 

24 




(6) The sum of the diameters of all knots within thd center half of the length of a beam or stringer on any 
face shall not exceed the width of face on which they occur. 

10. (a) Maximum Size of Knots in Common Beams and Stringers. 


Width of face, inches 

Size of knot, inches 

Narrow or horizontal face, middle 
third of length 

Center line of wide face or vertical 
face 

5 

2 

2 

6 


2?4 

8 

2H 

3^ 

10 

3H 

4 

12 

SH 


14 

3% 


16 



18 


5H 

20 


6K 

22 


6K 

24 


eh 


(b) The sum of the diameters of all knots within the center half of the length of a beam or stringer on any 
face shall not exceed one and one-half times the width of face on which they occur. 

11. (a) Maximum Size of Knots in Dense Select and Select Posts and Timbers, 


Width of face, inches 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 


Size of knot, inches 

m 

2 

3 

m 

‘m 

3 % 

4 

4 ^ 


(6) The sum of the diameters of all knots in any 6 in. of length ot a post or timber shall not exceed twice the 
size of the maximum knot allowable. 
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12. (a) Maximum Size of Emots in Common Posts and Timbers. 


‘ face, inches 

Size of knot, inches 

6 


8 


10 

4 

12 


14 


16 


IS 

5% 

20 


22 


24 

6^ 


(6) The sum of the diameters of all knots in any 6 in. of length of a post or timber shall not exceed twice the 
size of the maximum knot allowable. 

Shake .vnd Checks 


13. Maximum Shake and Checks in Dense Select and Select Joist and Plank. 


Width of end, inches 

Size of shake or check, inches 

Green 

Seasoned 

2 

y2 


3 

H 

1 

4 

1 

IK 


14. Maximum Shake and Checks in Commo n Joist and Plank. 


Width of end, inches 

1 

Size of shake or check, inches j 

Green 

Seasoned 

2 

H 


3 



4 

IH 

m 


16, Maximum Shake and Checks in Dense Select and Select Beams and Stringers. 


Width of end, inches 

Size of shake or check, inches 

Green 

Seasoned 

6 

IH 

2 

8 

2 


10 

2H 

3K 

12 

3 

4 

14 

3H 

4^ 

16 

4 

5K 

18 


6 

20 

5 


22 1 


7K 

24 1 

6 

8 
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16. Maximum Shake and Checks in Common Beams and Stringers. 


Width of end, inches 

Size of shake or check, inches 

Green 

Seasoned 

5 

2 

2% 

6 

2H 

2y8 

8 

3H 

3H 

10 

4 


12 

m 

5^ 

14 


6^ 

16 


7 

18 

7H 

8 

20 

8 


22 

8H 

9H 

24 

9H 

1 10% 

1 


17. Maximum Shake and Checks in Dense Select and Select Posts and Timbers. 


Width of end, inches 

Size of shake or check, inches 

Green 

Seasoned 

6 

2 

2% 

6 

2% 

3 

8 

3% 

4 

10 

4 

6 

12 

4H 

6 

14 

5H 

7 

16 

6% 

8 

18 

7H 

9 

20 

8 

10 

22 

8% 

11 

24 

9% 

12 


18. Maximum Shake and Checks in Common Posts and Timbers. 


Width of end, inches 

Size of shake or check, inches 

Green 

Seasoned 

6 

3 

3% 

8 

4 

m 

10 

5 

6 

12 1 

6 

7% 

14 

7 

8% 

16 

8 

9% 

18 

9 

10% 

20 

10 

12 

22 

11 

nn 

24 

12 

14% 


Slope of Grain 


19. (a) 
1 in 12. 

19. Q>) 
19. (c) 
exceed I in 
19. (d) 
19. (e) 
19. if) 


Dense Select and Select J oist and Plank . — The slope of grain in the center half of length shall not exceed 

Common Joist and Plank . — The slope of grain in the center half of length shall not exceed 1 in 10. 
Dense Select and Select Beams and Stringers . — The slope of grain in the center half of length shall not 
16. 

Common Beams and Stringers . — The slope of grain in the center half of length shall not exceed 1 in 10. 
Dense Select and Select Posts and Timbers , — The slope of grain shall not exceed 1 in 10. 

Common Posts and Timbers . — The slope of grain shall not exceed 1 in 8. 
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Wane ob Sqttabe Edges 

20. Wane One-eightH, (a) Wane, Dense Select and Select Grode.-^Wane is permitted, not exceeding one- 
eighth the width of any face. 

20. Wane One-fourth, (6) Wane, Common Grade, — Wane is permitted, not exceeding one-fourth the width 
of any face. 

20. Square. — (c) Square Edges. — All edges must be square. 

Heabtwood and Sap wood 

Durability Untreated. — Heart wood requirements shall be specified as required from the following: 

Heartwood Provisions: 

21. (o) Joist and Plan k . — Joist and plank shall have not less than 85 % of heart on the two faces, as measured 
across the faces anywhere in the length of the piece. 

21. (6) Beams and Stringers. — Beams and stringers shall have not less than 85 % heart on each of the four faces, 
measured across the faces anywhere in the length of the piece. 

21. (c) Timbers, 85 %. Timbers designated 85 % shall have not less than 85 % heart on each of the four faces 
measured across the face anywhere in the length of the piece. 

21. (d) Timbers, One Face All Heart, Others 85 %. — Timbers designated one face all heart, others 85 % shall 
have all heart on one narrow face, the other narrow face and the two sides shall have not less than 85 % of heart, 
measured across the face or sides anywhere in the length of the piece. 

21. (e) Timbers, One Face All Heart, Others 76 %. — Timbers designated one face all heart, others 75 % shall 
have all heart on one narrow face, the other narrow face and the two sides shall have not less than 75 % of heart 
measured across the face or sides anywhere in the length of the piece 

For Treatment 

Provision for sapwood for timber to be treated is covered by the following; 

Sapwood Provisions: 

22. There is no restriction as to sapwood for this material. 

Rate of Growth and Density 

Select. — Southern pine or Douglas fir of select grade is to be selected for close grain. 

Dense Select. — Southern pine or Douglas fir of dense select grade is to be selected for density. 

Close Grain 

23. Douglas fir or southern pine shall be of close grain, averaging on either one end or the other not less than 6 
nor more than 20 annual rings per inch measured over a 3-in. portion of a radial line located as described below and 
representative of the average growth on the cross-section. Pieces averaging from five to six annual rings per inch 
shall be accepted as the equivalent of close grain if having one-third or more summerwood. 

Density 

24. Douglas fir or southern pine shall be dense, averaging on either one end or the other not less than six annual 
rings per inch and, in addition, one-third or more summerwood measured over a 3-in. portion of a radial line located 
as described below and representative of the average growth on the cross-section. The contrast in color between 
summerwood and spring wood shall be distinct. Coarse-grained material excluded by this rule shall be accepted as 
dense if averaging one-half or more summerwood. 

Close Grain or Density 

25. Radial Line Not Representative. — When the radial line specified is not representative, it shall be shifted 
suflSLciently to present a fair average, but the distance from the pith to the beginning of the 3-in. portion of the line 
in boxed-heart pieces shall not be changed. 

26. Close Grain on Two Radial Lines. — In case of disagreement in the measurement of close grain, two radial 
lines shall be chosen, and the number of rings shall be the average determined on these lines. 

27. Density on Two Radial Lines. — In case of disagreement in the measuremen of density, two radial lines 
shall be chosen, and the number of rings and summerwood shall be the average determined on these lines. 

Location of Radial Line 

In Douglas Fir: 

28. (a) Side-cut Pieces. — In side-cut pieces of Douglas fir, the radial line shall be at a right angle to the annual 
rings and the center of the 3-in. portion of the line shall be at the center of the end of the piece. 

(6) Boxed-heart Pieces. — In box-heart pieces, the line shall run from the pith to the corner farthest from the 
pith. When the least dimension is 6 in. or less, the 3-in. portion of the line shall begin at a distance of 1 in. from 
the pith. When the least dimension is more than 6 in., the 3-in. portion of the line shall begin at a distance from the 
pith equal to 2 in. less than one-half the least dimension of the piece. 

(c) If a 3-in. portion of the radial line cannot be obtained, the measurement shall be made over as much of the 
3-in. portion as is available. 

In Southern Pine: 

29. Boxed-heart Pieces. — (a) In boxed-heart pieces of southern pine, the measurement shall be made over the 
third, fourth, and fifth inches from the pith along the radial line. 
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(b) Pith Not Present. — In cases where timbers do not contain the pith, and it is impossible to locate it with 
any degree of accuracy, the inspection shall be made over 3 in. on an approximate radial line beginning at the edge 
nearest the pith in timbers over 3 in. in thickness and on the second inch nearest the pith in timbers 3 in. or less in 
thickness. 

(c) Pith Present, but Less Than 5-in. Radial Line. — In material containing the pitcn but not a 5-in. radial 
line, which is less than 2 X 8 in. in section or less than 8 in. in width, that does not show over 16 sq. in. on the 
cross-section, the inspection shall apply to the second inch from the pith. In larger material that does not show a 
5-in. radial line, the inspection shall apply to the third inch farthest from the pith. 


C. STRUCTURAL GRADES AND REFERENCE CODE 

The individual specifications are divided into sections with general numbers for reference. 

Where alternate requirements are listed, each has a capital letter added to the general number. For any 
materiah appropriate choice must be made of such paragraphs. 

Where several paragraphs occur under the general number and each is designated by a small letter, all such 
paragraphs must be used in making a complete specification. 

In cases where only a small number of sizes are ordered it is permissible to shorten the tables of maximum 
defects by only copying sizes of defects corresponding with the sizes being ordered. 

Three complete specifications are shown to illustrate the application of the code. 

These are followed by a complete list of numbered specifications, brief description of material, and appropriate 
code numbers of sections required to write a complete specification for this material. 

TYPICAL SPECIFICATIONS FOR DENSE SELECT BEAMS AND STRINGERS (SOUTHERN PINE) 
WITH SQUARE EDGES AND HEARTWOOD REQUIREMENT FOR USE UNTREATED, ROUGH 

(Specification Reference No. 1 in Subdivision D on Coded Specifications) 

TIMBER-SIZE REQUIREMENTS 

IB. Rough structural beams and stringers shall not be smaller than the nominal size less in. for sizes 7 in. 
and less, and less in. for sizes 8 in. and over. 

GRADE REQUIREMENTS 
2. The material shall contain only sound wood. 


Genxbal 

3. (a) No pieces of exceptionally light weight shall be permitted except that light-weight pieces otherwise 
of select grade may be accepted in common grade. 

(6) Shake shall be measured on the ends of a piece, and its size shall be taken as the shortest distance between 
lines enclosing the shake and parallel to the wide faces of the pieces. Checks and splits shall be limited as provided 
for shakes. No checks or combinations of checks with shakes which would reduce the strength to a greater extent 
than the allowable shake shall be permitted. 

(c) Where wane is permitted there shall be no combination of wane and knots which would reduce the strength 
more than the maximum allowable knot. 

(d) Cluster knots and knots in groups are not permitted. 

(fi) Knot holes and holes from other causes than knots shall be permitted as provided for knots. 

(/) The size of a knot shall be measured on the section of the knot appearing on the surface under consideration. 

(g) When the mean or average diameter of a knot is specified, the size shall bo taken as the average of the 
maximum and minimum diameters. 

{h) Knot sizes specified shall be applied to spike knots as well as to round knots 

(Q The mean or average diameter of a spike knot shall be taken as the average of its length and its maximum 

W’dth. 

Knots 

Beams and Stringers 

5. (a) On the narrow or horizontal faces of beams and stringers the size df a knot shall be taken as its width 
between lines parallel to the edges of the timber. 

(b) On the wide or vertical faces of beams and stringers the smallest diameter of a knot shall be taken as its 

size. 

(c) Knots on the edges of wide or vertical faces of beams and stringers are limited to the same size as on the 
adjacent narrow or horizontal faces, except that the size is measured on the least diameter of the knot instead of on 
its width between lines parallel to the edges of the' timber. 

(d) The size of knots on the narrow or horizontal faces and edges of wide or vertical faces of beams and stringers 
may increase proportionately from the size allowed in the middle third to twice that size at the ends of the piece, 

(fl) The size of knots on the wide or vertical faces of beams and stringers may increase proportionately from the 
size allowed at the edge to that allowed at the center line. 
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9. (a) Maximum Size of Knots in Dense Select and Select Beams and Stringers. 


Width of face, inches 

Size of knot, inches 

Narrow or horizontal face, middle 
third of length 

Center line of wide or vertical face 

5 

' 

m 


6 



8 


2 

10 

2 

2 >2 

12 

2H 

3 

14 

2« 

3^ 

16 

2^ 

3M 

IS 


Ws 

20 


Ws 

22 


i 4 

24^ 


4.H 


(b) The sum of the diameters of all knots within the center half of the length of a beam or stringer on any face 
shall not exceed the width of the face on which they occur. 


Shake and Checks 

15. Maximum Shake and Checks in Dense Select and Select Beams and Stringers. 


Width of end, inches 

Size of shake or check, inches 

Green 

Seasoned 

6 


2 

8 

2 


10 


3H 

12 

3 

4 

14 

3H 

4^8 ' 

16 

4 

5H 

18 


6 

20 

5 


22 


7H 

24 

6 

. _ ^ J 


190. The slope of grain in center half of length shall not exceed 1 in 15. 

200. All edges must be square. 

21jB. Beams and stringers shall have not less than 85 % heart on each of the four faces measured across the 
faces anywhere in the length of the piece. 

24. Southern pine shall be dense, averaging on either one end or the other not less than six annual rings per 
inch and, in addition, one-third or more summerwood measured over a 3-in. portion of a radial line located as 
described below and representative of the average growth on the cross-section. The contrast in color between 
summerwood and springwood shall be distinct. Coarse-grained material excluded by this rule shall be accepted 
us dense if averaging one-half or more summerwood. 

25. When the radial line specified is not representative, it shall be shifted sufficiently to present a fair average, 
but the distance from the pith to the beginning of the S-in. portion of the line in boxed-heart pieces shall not bo 
changed. 

27. In case of disagreement, two radial lines shall be chosen, and the number of rings and summerwood shall 
be the average determined on these lines. 

29 (a) In boxed-heart pieces of southern pine, the measurement shall be made over the third, fo\irth, and fifth 
inches from the pith along the radial line. 

(5) In cases where the timbers do not contain the pith, and it is impossible to locate it with any degree of 
accuracy, the inspection shall be made over 3 in. on an approximate radial line beginning at the edge nearest the 
pith in timbers over 3 in. in thickness and on the second inch nearest to the pith in timbers 3 in. or less in thickness. 

(c) In material containing the pith but not a 5-in. radial line, which is less than 2 X 8 in. in section or less than 
8 in. in width, that does not show over 16 sq. in. on the cross-section, the inspection shall apply to the second inch 
from the pith. In larger material that does not ehow a 5-in. radial line, the inspection shall apply te the 3 in. 
farthest from the pith, 
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IQE. The elope of grain shall not exceed 1 in 10. 

20A. Wane is permitted, not exceeding one-eighth the width of any face. 

22. There is no restriction as to sapwood for this material. 

23. Douglas fir shall be of close gram, averaging on either one end or the other not less than 6 nor more than 
20 annual rings per inch measured over a 3-in. portion of a radial Une located as described below and representative 
of the average growth on the cross-section. Pieces averaging from five to six annual rings per inch shall be accepted 
as the equivalent of close grain if having one-third or more summerwood. 

25. When the radial line specified is not representative, it shall be shifted sufficiently to present a fair average, 
but the distance from the pith to the beginning of the 3-in. portion of the line in boxed-heart pieces shall not be 
changed. 

26. In case of disagreement, two radial lines shall be chosen, and the number of rings shall be the average 
determined on these lines. 

28 (o) In side-cut pieces of Douglas fir, the radial line shall be at a right angle to the annual rings, and the center 
of the 3-in. portion of the line shall be at the center of the end of the piece. 

(6) In boxed-heart pieces the line shall run from the pith to the corner farthest from the pith. When the least 
dimension is 6 in. or less, the 3-in. portion of the line shall begin at a distance of 1 in. from the pith. When the 
least dimension is more than 6 in., the 3-in. portion of the line shall begin at a distance from the pith equal to 2 in. 
less than one-half the least dimension of the piece. 

(c) If a 3-in. portion of a radial line cannot be obtained, the measurement shall be made over as much of the 
3-in. portion as is available. 


TYPICAL SPECIFICATION FOK COMMON JOIST AND PLANK WITH WANE PERMISSIBILITY 
AND NO HEARTWOOD OR SAPWOOD REQUIREMENT, SURFACED SlS, SIE 

(Specification Reference No. 38 in Subdivision D on Coded Specifications) 

TIMBER-SIZE REQUIREMENTS 

lA, Structural joist and plank shall be, when surfaced SIS or S2S, not thinner than the nominal dimension less 
3.^ in. and when surfaced SIE or S2E not narrower than the nominal width less H iu. for sizes 2 to 7 in. inclusive 
and less ^ in. for sizes 8 in. and wider. 


GRADE REQUIREMENTS 

2. The material shall contain only sound wood. 

General 

3. (a) No pieces of exceptionally light weight shall be permitted, except that light-weight pieces otherwise of 
select grade may be accepted in common grade. 

(b) Shake shall be measured on the ends of a piece, and its size shall be taken as the shortest distance between 
lines enclosing the shake and parallel to the wide faces of the piece. Checks and splits shall be limited as provided 
for shakes. No checks or combination of checks with shakes which would reduce the strength to a greater extent 
than the allowable shake shall be permitted. 

(c) Where wane is permitted there shall be no combination of wane and knots which would reduce the strength 
more than the maximum allowable knot. 

(d) Cluster knots and knots in groups are not permitted. 

(e) Knot holes and holes from other causes than knots shall be permitted as provided for knots. 

(/) The size of a knot shall be measured on the section of a knot appearing on the surface under consideration 

(ff) When the mean or average diameter of a knot is specified, the size shall be taken as the average of the 
maximum and minimum diameters. 

(h) Knot sizes specified shall be applied to spike knots as well as to round knots. 

(i) The mean or average diameter of a spike knot shall be taken as the average of its length and its maximum 
width. 

Knots 

(4) (a) On the wide faces of joist and plank, the measurement of a knot shall be made on the mean or average 
diameter. 

(b) On the narrow faces of joist and plank, the size of a knot shall be taken as its width between lines parallel 
to the edges of the piece. 

(c) The size of knots on the narrow faces and edges of wide faces of joist and plank may increase proportion- 
ately from the size allowed in the middle third to twice that size at the ends of the pieces. 

(d) The size of knots on the wide faces of joist and plank may increase proportionately from the size allowed 
at the edge to that allowed at the center line. 



1504 


HANDBOOK OF BUILDING CONSTRUCTION 


(S) (a) Maximum Size of Knots in Common Joist and Plank, Knots on Wide Faces. 


Width of face, inches 

Size of knot, inches 

On or near edge, middle third of 
length 

Center line of face 

4 

1 

m 

6 

IH 

2y2 

8 

2 

m 

10 

2H 


12 

3 

5y 

14 


5^8 

16 

3^8 

6 


(6J Knots on Narrow Faces of Boxed Heart Pieces. 

Thickness of piece, inches Size of knot, inches 

Middle third of length 

2 % 

3 m 

4 

(c) The sum*of the diameters of all knots within the center half of the length of a joist or plank on any face 
shall exceed twice the width of face on which they occur. 

Shake and Checks 

14. Maximum Shake and Checks in Common Joist and Plank. 


Width of end, inches 

Size of shake or check, inches 

Green 

Seasoned 

2 

H 

H 

3 



4 

ih 



195. Common Joist and Plank . — The slope of grain in the center half of length shall not exceed 1 in 10. 
205. Wane, Common Grade . — Wane is permitted, not exceeding one-fourth the width of any face. 
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D. CODED SPECIFICATIONS FOR STRUCTURAL GRADES 

Index to Coded-spbcitioation Rbfbeenob Numbers 


Grades 

Additional requirements 

For use untreated 

For treating 

For dui 

One face 
100 %; 
other 
three 
faces 

85 % 

•ability he 
required 

All 

faces 

85% 

artwood 

One face 
100 %; 
other 
three 
faces 
75% 

No heartwood 
or sapwood 
required 

Sapwood not 
restricted 

1 

Square edge 

Square 

edge 

Wane 

permitted 

Square 

edge 

Wane 

permitted 

Beams and stringers 

Dense select: 








Douglas fir or southern pine • 


1 


2 

3 

4 

5 

Select: 








Douglas fir or southern pine 


6 


7 

8 

9 

10 

Select: 








Any other softwood 


11 


12 

13 

14 

15 

Common: 








Any softwood 


16 


17 

18 

19 

20 

Joist and plank 

Dense select: 








Douglas fir or southern pine 


21 


22 

23 

24 

25 

Select: 








Douglas fir or southern pine 


26 


27 

28 

29 

30 

Select: 








Any other softwood 


31 


32 

33 

34 

35 

Common: 








Any softwood 


36 


37 

38 

39 

40 

Posts and timbers 

Dense select: 








Douglas fir or southern pine 

61 

41 

65 

42 

43 

44 

45 

Select: 








Douglas fir or southern pine 

62 

46 

66 

47 

48 

49 

50 

Select: 








Any other softwood 

63 

51 

67 

52 

53 

54 

55 

Common: 








Any softwood 

64 

56 

68 

57 

58 

59 

60 


Dense Select Beams and Stringers 

No. 1. Beams and Stringers, Douglas Fir or Southern Pine, Dense Select, 85 % Hbartwood-, Square 
Edges: 

IB (surfaced) or ID (rough), 2, 3 (aH-h + c-Hd + fi+Z-f-^ + A-l-O, 5 (a + h + c + d + e), 
9(a + 5), 15, 19C, 20C, 21B, 24, 25, 27, 28 (a + b + c) Douglas fir or 29 (a -f 6 + c) southern pine. 

No. 2. Beams and Stringers, Douglas Fir or Southern Pine, Dense Select, No Heartwood or Sapwood 
Requirement, Square Edges: 

1J5 (surfaced) or ID (rough), 2, 3 (a-j-b^hc + d-he+f+g + h + i), 5 (a + 5 + c + d + e), 9 
(a + b), 15, 19C, 200, 24, 25, 27, 28 (a + 6 + c) Douglas fir or 29 (a + 5 -f c) southern pine. 

No. 3. Beams and Stringers, Douglas Fir or Southern Pine Dense Select, No Heartwood or Sapwood 
Requirement, Wane Permitted: 

IB (surfaced) or ID (rough), 2, 3 (a + 5 -f c + d + e + / 4* ff + ^ + i). 5 (a + & + <? + d + e). 
9 (a 4- h), 15, 19C, 20.4, 24, 25, 27, 28 (a h b + c) Douglas fir or 29 (a -f- b -j- c) southern pino. 
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No. 4. 

No. 5. 

No 6. 

No. 7. 

No. 8. 

No. 9. 

No. 10. 

No. 11. 

No. 12. 

No. 13. 

No. 14. 

No. 15. 

No. 16. 

No. 17. 

No. 18. 

No. 19. 

No. 20. 

No. 21. 

No. 22. 


Beams and Stringers, Douglas Fir or Southern Pine, Dense Select, Sapwood Wanted for 
Treatment, Square Edges: 

IB (siirfaced) or ID (rough)» 2, 3 (o*|-5-hc*fd+e4-/-f-?-fA-f-Of 6 (a + & + c+ d + «), 
9 (a + 6), 15, 19(7, 20C, 22, 24, 25, 27, 28 (a + & + c) Douglas fir or 29 (a -h & + c) southern pine. 

Beams and Stringers, Douglas Fir or Southern Pine, Dense Select, Sapwood Wanted for 
Treatment, Wane Permitted: 

15 (surfaced) or ID (rough), 2, 3 (a4'&-fc4*d4-e4-/4*0' + ^'f-^), 5 (a + 6+ cH-d4-«), 9 
(d + 6), 15, 19(7, 20ii, 22, 24, 25, 27, 28 (a H- b + c) Douglas fir or 29 (a + 6 + c) southern pine. 

Select Beams and Stringers 

Beams and Stringers, Douglas Fir or Southern Pine, Select, 85% Heartwood, Square Edges: 

15 (surfaced) or ID (rough), 2, 3 (a + dH-c+d-{-e+/ + fir“{-A + 0» 5 (d + b + c-fd-f'c), 
9 (a + 6), 15, 19(7, 20C, 215, 23, 25, 26, 28 (o -h b 4- c), Douglas fir on 29 (a -f- b -h c) southern pine. 

Beams and Stringers, Douglas Fir or Southern Pine, Select, No. Heartwood or Sapwood 
Requirement, Square Edges: 

15 (surfaced) or ID (rough), 2, 3 + 5 (d4-b + c+ d!-f«), 

9 (o + b), 15, 19C, 20C, 23, 25, 26, 28 (a -f* b + c) Douglas fir or 29 (a + b + c) southern pine. 

Beams and Stringers, Dougla^ Fir or Southern Pine, Select, No Heartwood or Sapwood 
Requirement, Wane Permitted: 

15 (surfaced) or ID (rough), 2, 3 (a + b-hc + d + eH-/+0' + b.4-O» 5 (a + b-j-c+d + e), 
9 (a + 6), 15, 19(7, 20.4, 23, 25, 26, 28 (a + fe + c) Douglas fir or 29 (a -f b -j- c) southern pine. 

Beams and Stringers, Douglas Fir or Southern Pine, Select, Sapwood Wanted for Treatment, 
Squ-vrb Edges: 

15 (surfaced) or ID (rough) 2, 3(a-{-b4'C-|-d + e-l-/ + ^ + b-{-i)»5(a + b4“C+d-i-e), 9 
(a + b) 15, 19(7, 20(7, 22, 23, 25, 26, 28 (a + b + c) Douglas fir or 29 (a 4- 6 + c) southern pine. 

Beams and Stringers, Douglas Fir or Southern Pine, Select, Sapwood Wanted fob Treatment, 
Wane Permitted: 

15 (surfaced) or ID (rough), 2, 3 (a4"b4-c4'd4-e4-/ + £(4-b4-^). 5 (a4’b4-c4-d4“e), 
9 (a 4- b), 15, 19(7, 20A, 22, 23, 25, 26, 28 (a 4- b 4- c) Douglas fir or 29 (o 4- b 4- c) southern pine. 

Beams and Stringers, Select, 85 % Heartwood, Square Edges: 

15 (surfaced) or ID (rough), 2, 3 (a4-b4-c4'd-{-e+/4'fi'4-A4-‘i)» 5 (a4"b + c4-d4-e), 
9 (a + 6), 15, 19(7, 20(7, 215. 

Beams and Stringers, Select, No Heartwood or Sapwood Requirement, Square Edges; 

15 (surfaced) or ID (rough), 2, 3 (o4“b4-o4-d + e4-/4-&4'b4-i)» 5 (a4-b4'c4-d4-c), 9 
(a H- 6), 15, 19(7, 20(7. 

Beams and Stringers, Select, No Heartwood or Sapwood Requirement, Wane Permitted: 

15 (surfaced) or ID (rough), 2, 3 (ct4“b4"G4*d4'64'/4“(74’^4*0t5 (d4“b4"('4“d4“6), 9 
(a 4- b), 15, 19C, 204.. 

Beams and Stringers, Select, Sapwood Wanted for Treatment, Square Edges; 

15 (surfaced) or ID (rough), 2, 3 (d4-b+c4-«24-C’l-/4-ff4'A4-f)i5 (a + b4-c4-dd-e), 9 
(a -4 b), 15, 19(7, 20(7, 22. 

Beams and Stringers, Select, Sapwood Wanted for Treatment, Wane Permitted: 

15 (surfaced) or ID (rough), 2, 3 (ct4'b4'cH-d4'e4“/4~fl'4’^4"'i)>fi ((i4*b4‘c4-d4“fi)»9 
(d + b), 15, 19(7, 204, 22. 

Common Beams and Stringers 

Beams and Stringers, Common, 85 % Heartwood, Square Edges: 

15 (surfaced) or ID (rough), 2, 3 (d4’bH-c4'd4"®4‘/4'(74’b.4’'^*)»b (ctd-b-j-cd-dld” e), 10 
(d H- b), 16, 19D, 20(7, 215. 

Beams and Stringers, Common, No Heartwood or Sapwood Requirement, Square Edges: 

15 (surfaced) or ID (rough), 2, 3 (a4'b + c4-d4‘e4'/+a4-A4-i), 6 Ca-i-b4-c4-d4-e), 10 
(d + 6), 16, 19D, 20(7. 

Beams and Stringers, Common, No Heartwood or Sapwood Requirement, Wane Permitted: 

15 (surfaced) or ID (rough), 2, 3 (a + b4c + d-fe4-/ + ff4-A4-z), 5 (aH-b4-d4-d4-e), 10 
(d 4- b), 16, 19D, 205. 

Beams and Stringers, Common, Sapwood Wanted for Treatment, Square Edges: 

15 (surfaced) or ID (rough), 2, 3 (d4-b4*c4’(i4-e-|-/4-<74'A4-f), 5 (a4'b4"cH-d4*«), 10 
(d + 6;, 16, 19D, 20(7, 22. 

Beams and Stringers, Common, Sapwood Wanted for Treatment, Wane Permitted; 

15 (surfaced) or ID (rough), 2, 3(d4“b4*c4-d + «4-/4-i74-A4-t), 5(G4-b + c + d4-e), 10 
(o 4" b), 16, 19D, 205, 22. 

Dense Select Joist and Blank 

Joist and Plank, Douglas Fir or Southern Pine, Dense Select, 85 % Heartwood, S(auARE Edges: 

14 (surfaced) or 1(7 (rough), 2, 3(a 4- b + c 4- d + e + / -{- (7 4- A 4- 1), 4 (a 4- b + c 4- d) 7, ( d4* b 4- 
c), 13, 194, 20(7, 214, 24, 25, 27, 28 (a 4" b 4* c) Douglas fir or 29 (a 4* b 4* o) southern, pines. 

Joist and Plank, Douglas Fir or Southern Pine, Dense 8ble(3t, No Heartwood or Sapwood 
Requirement, Square Edges: 
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lA (surfaced) or 1C (rough), 2. 3, (a + 6 4- c + d + e -f- / + ^7 -f- ^ -h i), 4 (a + 6 + c -f- d), 7 (a + 
"H c), 13, 19^, 20 c, 24, 25, 27, 28 (a + 6 -{- c), Douglas fir or 29 (o -}- 6 + c) southern pine. 

No. 23. Joist and Plank, Douglas Fir or Southern Pine, Dense Select, No Heartwood or Sapwood 
Requirement, Wane Permitted: 

A (surfaced) or 1C (rough), 2,Z(a + b + c + d + e+ / + g + h+i),4:(^a + b-\-c+d),7(.a-{-b + 
c), 13, 19 A, 20 A, 24, 25, 27, 28 (a + 5 + c) Douglas fir or 29 (a + 6 + c), southern pine. 

No. 24. Joist and Plank, Douglas Fir or Southern Pine, Dense Select, Sapwood Wanted for Treatment, 
Square Edges: 

A (surfaced) or 1C (rough), 2, 3 ^a'^bi-c-hd + e+ f + g+ h + i), i (a + 5 + c+d), 7 (a + 

5 4- c), 13, 19^, 20 c, 22, 24, 25, 27, 28 (a 4- & 4* c), Douglas fir or 29 (a 4* "f~ c) southern pine. 

No. 25, Joist and Plank, Douglas Fir or Southern Pine, Dense Select, Sapwood Wanted for Treatment, 
Wane Permitted: 

lA (surfaced) or 1C (rough), 2, 3 (a4'64-c + d + e4-/ + ^4-A + f), 4 (a4-54-c4-d;, 7 (a + 

5 4“ c)» 13, 19,4, 20 Ay 22, 24, 25, 27, 28 (a + 5 4- c) Douglas fir or 29 {a b c) southern pine. 

Select J oist and Plank 

No. 26. Joist and Plank, Douglas Fir or Southern Pine, Select, 85 % Heartwood, Square Edges: 

1.4. (surfaced) or 1C (rough), 2, 3 {a-\-b~\-C'\-d~\-e-\‘f-\~g'\‘K-\-{),^ (a b c d) , 7 (0 + 

b 4" 0 ), 13, lOAy 20 c, 23, 25, 26, 28 (a 4- 4- o) Douglas fir or 29 (a 4- 6 4- c) southern pine. 

No. 27. Joist and Plank, Douglas Fir or Southern Pine, Select, No Heartwood or Sapwood Require- 
ment, Square Edges: 

lA (surfaced) or 1C (rough), 2, 3 (a4-64-c4'd4-e4-/4-^74-ll4-^^ 4 (a4-&4'c4-d), 7 (o4- 
b 4“ c), 13, 19 A, 20 c, 23, 25, 26, 28 (a 4- b 4- c) Douglas fir or 29 (a 4- 4- c) southern pine. 

No. 28. Joist and Plank, Douglas Fir or Southern Pine, Select, No Heartwood or Sapwood Require- 
ment, Wane Permitted: 

14l (surfaced) or 1C (rough), 2, 3(a4-&4*c4-d4-e4-/4-£? + b4-f), 4(a4”&4-c4-d),7(a4- 
b 4 - c), 13, 19.4, 204L, 23, 25, 26, 28 (a 4- b 4* c) Douglas fir or 29 (o 4- 5 4- c) southern pine. 

No. 29. Joist and Plank, Douglas Fir or Southern Pine, Select, Sapwood Wanted for Treatment, 
Square Edges: 

lA (surfaced) or 1C (rough), 2, 3 (a4-&4-c4-d4“e4-/4-^ + b4-f), 4 (a4-b4-c4-d), 7(a4- 
b 4- c), 13, 194, 20 c, 22, 23, 25, 26, 28, (a -f b 4- c) Douglas fir or 29 (a 4- b 4- c) southern pine. 

No. 30. Joist and Plank, Douglas Fir or Southern Pine, Select, Sapwood Wanted for Treatment, 
Wane Permitted: 

14 (surfaced) or 1C (rough), 2, 3 (fl-\-b-\-c-\-d-\-e-\-f-^g-]rk-\'i)y 4: (a4"b4~c4" d), 7 (a 4“ 
b 4- c), 13, 194, 204, 22, 23, 25, 26, 28 (o 4- & 4- 0 ), Douglas fir or 29 (a 4“ 6 4- c) southern pine. 

No. 31. Joist and Plank, Select, 85 % Heartwood, Square Edges: 

14 (surfaced) or 1C (rough), 2, 3 (o4'b4-c4-d4‘«4-/4'^4“^4-f)>4 (a4”b4“c4"d), 7 (a4- 
b 4- c), 13, 194, 20c, 214. 

No. 32, Joist and Plank Select, No Heartwood or Sapwood Requirement, Square Edges: 

14 (surfaced) or 1C (rough), 2, 3 (o4-b4-c4-d4-e4-/4-ff4-h4-f),4 (a4-b4-c4-d), 7 (a4- 
b 4- c), 13. 194, 20c. 

No. 33. Joist and Plank, Select, No Heartwood or Sapwood Requirement, Wane Permitted: 

14 (surfaced) or 1C (rough), 2, 3 (a4“b4‘c4-d4-fi4-/4-g4-^4-f), 4 (a4-b4-c4-d), 7 (ad- 
b 4- c),'13, 194, 204. 

No. 34. Joist and Plank, Select, Sapwood Wanted for Treatment, Square Edges: 

14 (surfaced) or 1C (rough), 2, 3 (a4"b4~c4“d4"e4"/4~ff4-h4“‘i).4 (a4“b4“c4“d), 7 ( 04 - 
b 4- c), 13, 194, 20 c, 22. 

No. 35. Joist and Plank, Select, Sapwood Wanted for Treatment, Wane Permitted: 

14 (surfaced) or IC (rough), 2, 3 (a4-b4-c4-d4-«4-/4-^4-h4-^‘)»4(a4-h4-c4-d)f7 (o4- 
b 4- c), 13, 194, 204, 22. 

Common Joist and Plank 

No. 36. Joist and Plank, Common, 85 % Heartwood, Square Edges: 

14 (surfaced) or 1C (rough), 2, 3 (a4-b4-c-t-d4-«4-/4-i74-A4-^)t4 (a4-b4“c4'd), 8 (a4- 
b 4- c), 14, 19B, 20 c, 214. 

No. 37. Joist and Plank, Common, No Heartwood or Sapwood Requirment, Square Edges; 

14 (surfaced) or 1C (rough), 2, 3 (a4'b4~c4-d4-'e4‘/4*i74"b4*^), 4 (o4-b4"c4~d),8 (a4- 
b 4- c), 14, 19J5, 20 c. 

No. 38, Joist and Plank, Common, No Heartwood or Sapwood Requirement, Wane Permitted: 

14 (surfaced) or 1C (rough), 2, 3(a4-b4-c4“d4-«4-/-f^"hA4-0, 4(o4-b+c4-d),8(a4- 
b 4- c), 14, 19R, 20B. 

No. 39. Joist and Plank, Common, Sapwood Wanted fob Treatment, Square Edges: 

14 (surfaced) or 1C (rough), 2, 3(a-hb-fc4'd4-c4-/4-ff4-A4“f), 4(a-fb4”o4-d),8(a4- 
b -f- c), 14, 19B, 20 c, 22. 

No. 40. Joist anp Plank, Common, Sapwood Wanted for Treatment, Wane Permitted: 

14 (surfaced) or 1C (rough), 2, 3 (a4'h4-c4'd4'e4“/4-P4-h4-f). 4 (a4-h-Hc4-J)»8 (o4- 
b + c), 14, 19B, 20JS, 22, 
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Dense Sdect Posts and Timbers 

No. 41. Posts and Timbers, Douglas Fib or Southern Pine, Dense Select, 85 % Hbartwood, Square 
Edges: 

IB (surfaced) or ID (rough), 2, 3 11, (a + 6), 17, 19D, 20C, 

21C, 24, 25, 27, 28 (a + 6 + c), Douglas fir or 29 (o + 6 + c) southern pine. 

No. 42. Posts and Timbers, Douglas Fir or Southern Pine, Dense Select, No Heartwood or Sapwood 
Requirement, Square Edges: 

IS (surfaced) or ID (rough), 2 ^ 3 (a + h -j- c d + e + f + g + h i), 6, 11 (a + b), 17, 19E, 20C, 

21(7, 24, 25, 27, 28 (a + 6 + c), Douglas fir or 29 (a + 5 + c) southern pine. 

No. 43. Posts and Timbers, Douglas Fir or Southern Pine, Dense Select, No Heartwood or Sapwood 
Requirement, Wane Permitted: 

ID (surfaced) or ID (rough), 2, 3 (o + 5 -f- c -f d -{- e 4* / + + A + 6» H + Z)), 17, 19D, 20A, 

24, 25, 27, 28 (a + 6 + c) Douglas fir or 29 (<z + 6 + c) southern pine. 

No. 44. Posts and Timbers, Douglas Fir or Southern Pine, Dense Select, Sapwood Wanted for Treat- 
ment, Square Edges: 

ID (surfaced) or ID (rough), 2, 3 (a -j- 5 4- c -|- d 4- e -{- / + £/ + ^ + f), 6, 11 (g + W, 17, 19D, 20C, 

22, 24, 25, 27, 28 (o + & 4“ c) Douglas fir or 29 (a 4- Z> 4- c) southern pine. 

No. 46. Posts and Timbers, Douglas Fir or Southern Pine, Dense Select, Sapwood Wanted for Treat- 
ment, Wane Permitted: 

ID (surfaced) or ID (rough), 2, 3 (<x 4" & 4- c 4- d 4- e 4- / 4* ^ 4- 'i)» 6. H (o 4- 6), 17, 19D, 204., 

22, 24, 25, 27, 28 (o 4“ & 4* c) Douglas fir or 29 (a 4- + c) southern pine. 

Select Posts and Timbers 

No. 46. Posts and Timbers, Douglas Fir or Southern Pine, Select, 85 % Heartwood, Square Edges: 

ID (surfaced) or ID (rough), 2, 3 (a 4- 5 4- c 4- d 4- « 4" / 4- ^ 4- A 4- 0» 6. H (a 4- 6)» 17, 19D, 20C, 
21C, 23, 25, 26, 28 (a 4- 6 4- c) Douglas fir or 29 (a 4“ & 4“ c) southern pine. 

No. 47. Posts and Timbers, Douglas Fir or Southern Pine, Select, No Heartwood or Sapwood Require- 
ment, Square Edges: 

ID (surfaced) or ID (rough), 2, 3 (a 4~ Z> 4- c 4* d 4- « 4- / 4- 4- ^ 4- f)» 6, 11 (a 4“ i>). 17, 19D, 20C, 

23, 25, 26, 28 (a 4- 5 4- c) Douglas fir or 29 (a 4- ^ 4- c) southern pine. 

No. 48. Posts and Timbers, Douglas Fir or Southern Pine, Select, No Heartwood or Sapwood Require- 
ment, Wane Permitted: 

ID (surfaced) or ID (rough), 2, 3 (a 4- 5 4- c 4- d 4- « 4“ / 4- P 4- A 4- f). 6, 11 (a 4- &), 17, 19D, 20.4, 
23, 25, 26, 28 (a 4- & 4- c) Douglas fir or 29 (a 4- 5 4- o) southern pine. 

No, 49. Posts and Timbers, Douglas Fir or Southern Pine, Select, Sapwood Wanted for Treatment, 
Square Edges: 

ID (surfaced) or ID (rough), 2, 3 (a 4- 6 4- c 4- d 4* « 4- / 4- 4- ^ 4- f)» 6, 11 (a 4- &)» 17, 19D, 20C, 

22, 23, 25, 26, 28 (a 4“ 6 4- c), Douglas fir, or 29 (a 4“ 4- c) southern pine. 

No. 50. Posts and Timbers, Douglas Fir or Southern Pine, Select, Sapwood Wanted for Treatment, 
Wane Permitted: 

ID (surfaced) or ID (rough), 2, 3 (a + & 4- c 4- d 4* e 4- / 4- 4- A 4- f), 6, 11 (a 4- 6), 17, 19D. 20A, 

22, 23, 25, 26, 28 (a -4 & 4- c) Douglas fir or 29 (a 4“ h 4- c) southern pine. 

No. 51, Posts and Timbers, Select, 85 % Heartwood, Square Edges: 

ID (surfaced) or ID (rough), 2, 3 (a 4-5 4- c 4“ d 4- e 4- / 4- ^ 4- A 4- f), 6, 11 (a 4- 6), 17, 19D, 20C, 
21C. 

No. 52. Posts and Timbers, Select, No Heartwood or Sapwood Requirement, Square Edges: 

ID (surfaced) or ID (rough), 2, 3 (a -h 6 + c 4- d 4- e 4- / 4- 4- A 4- f), 6, 11 (a 4- 5), 17, 19D, 200. 

No. 53. Posts and Timbers, Select, No Heartwood or Sapwood Requirement, Wane Permitted: 

ID (surfaced) or ID (rough), 2, 3 (a 4- 5 4- c 4- d 4- e -h / 4- ^ 4- /i + 0, 6. 11 (g 4- 6) 17, 19D. 20.1. 

No. 54. Posts and Timbers, Select, Sapwood Wanted for Treatment, Square Edges: 

ID (surfaced) or ID (rough), 2, 3 (a + 5 4- c 4- d 4- « 4 / 4- (? + 4- t), 6, 11 (a 4- 6), 17, 19D, 20C, 22. 

No. 55. Posts and Timbers, Select, Sapwood Wanted fob Treatment, Wane Permitted: 

ID (surfaced) or ID (rough), 2, 3 (u 4- 5 -f- c 4- d 4- « 4- / + fi' 4- A 4- i), 6, 11 (a 4- &)» 17, 19D, 20.d., 22. 

Common Posts and Timbers 

No. 56. Posts and Timbers, Common, 85 % Heartwood, Square Edges: 

ID (surfaced) or ID (rough), 2, 3 (o 4- & 4- c 4- d 4- e 4- / + <7 4" ^ 4- i), 6, 12 (a 4- 5). 18, 19D, 20C, 

21C. 

No. 57. Posts and Timbers, Common, No Heartwood or Sapwood Requirement, Square Edges: 

ID (surfaced) or ID (rough), 2, 3 (a 4- 5 4- c 4“ d 4- e 4- / 4- 4- A + f), 6, 12 (a 4- 6), 18, 19F, 200. 

No. 58. Posts and Timbers, Common, No Heartwood or Sapwood Requirement, Wane Permitted: 

ID (surfaced) or ID (rough), 2, 3 (a 4- 5 4- c 4* d 4- ^ 4* / 4- a 4- A 4- i), 6, 12 (a 4- 6), 18, 19F, 20D, 

No. 59. Posts and Timbers, Common, Sapwood Wanted for Treatment, Square Edges; 

ID (surfaced) or ID (rough), 2, 3 (a 4- h 4- c + d 4- « 4- / 4- a 4- A 4- f), 6, 12 (a 4- 5), 18, 19F, 200, 22. 

No. 60. Posts and Tiaibers, Common, Sapwood Wanted for Treatment, Wane Permitted. 

ID (surfaced) or ID (rough), 2, 3 (a 4“ A 4- c -j- d + e 4- / 4- t/ 4- A -}- f), 6, 12 (o 4- 6), 18, 19F, 20D, 2tf. 
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Special Posts and Timbers 

No. 61. Posts and Timbers, Douglas Fir or Southern Pine, Dense Select, One Narrow Face All 
Heartwood, Other Narrow Face and Sides 85 % Heartwood, Square Edges: 

IP (surfaced) or ID (rough). 2, 3 (a + 6 + c + d + e + / + (7 + + f), 6, 11 (a + b), 17, 19D, 20C, 

2 ID, 24, 25, 27, 28 (o + b -f* c) Douglas fir or 29 (o + b + c) southern pine. 

No. 62. Posts and Timbers, Douglas Fir or Southern Pine, Select, One Narrow Face all Heartwood, 
Other Narrow Face and Sides 85 % Heartwood, Square Edges: 

IP (surfaced) or ID (rough), 2, 3 (a -f b -{- c -h d + e + / + ^ + A + f), 6. 11 (a + b), 17, 19P. 200, 

2 ID, 23, 25, 26, 28 (o + 6 4* c) Douglas fir or 29 (a 4- b + c) southern pine. 

No. 63. Posts and Timbers, Select, One Narrow Face All Heartwood, Other Narrow Face and Sides 
85 % Heartwood, Square Edges: 

IP (surfaced) or ID (rough), 2, 3 (a + b + c + d + e + / + + b + i), 6, 11, (a + b), 17, 19P, 20C, 

21D. 

No. 64. Posts and Timbers, Common, One Narrow Face All Heartwood, Other Narrow Face and Sides 
85 % Heartwood, Square Edges: 

IP (surfaced) or ID (rough), 2, 3 (a + b + c + d + e + / + a + b + i), 6, 12 (o 4- b), 18. 19F, 20C, 
21D. 

No. 65. Posts and Timbers, Douglas Fir or Southern Pine, Dense Select, One Narrow Face All Heart- 
wood, Other Narrow Face and Sides 75 % Heartwood, Square Edges: 

IP (surfaced) or ID (rough), 2, 3 (a 4- b 4- c 4- d + c 4- / 4- £? 4- A 4- i), 6, 11 (a 4- b), 17, 19P, 20C, 

21P* 24, 25, 27, 28 (a 4- b 4" c) Douglas fir, or 29 (a 4" b 4" c) southern pine. 

No. 66. Posts and Timbers, Douglas Fir or Southern Pine, Select, One Narrow Face All Heartwood, 
Other Narrow Face and Sides 75 % Heartwood, Square Edges: 

IP (surfaced) or ID (rough), 2, 3 (a 4- b 4- c 4“ d 4- « 4- / 4- P 4- A 4- f)» 6, 11 (a + b), 17, 19P, 20C’, 

21P, 23, 25, 26, 28 (a 4" b -h c) Douglas fir or 29 (a 4- b 4- c) southern pine. 

No. 67. Posts and Timbers, Select, One Narrow Face All Heartwood, Other Narrow Face and Sides 
75 % Heartwood, Square Edges: 

IP (surfaced) or ID (rough), 2, 3 (a 4- b 4- c 4- d 4- « 4- / 4- S' 4- A 4- f)i 6, 11 (a 4- b), 17, 19P, 20C', 

21P. 

No. 68. Posts and Timbers, Common, One Narrow Face All Heartwood, Other Narrow Face and Sides, 
75 % Heartwood, Square Edges: 

IP (surfaced) or ID (rough), 2, 3 (o 4- b 4- c 4* d 4- e + / 4* ^ 4- A 4- f)i 6, 12 (a 4* b), IS, 19F, 20C’, 

21P. 
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WORKING STRESSES FOR STRUCTURAL GRADES OF TIMBERi 

Notes on Tables op Working Stresses 

1. Authority, — The working stresses in the accompanying Table I are recommended by the Forest Products 
Laboratory, U. S. Forest Service, for structural grades complying with Basic Provisions for Structural Material of 
American Lumber Standards, including, also, stresses for red and white oak, as the same structural grades can be 
applied to hardwoods as to soft. In beam-and-stringer and post-and-timber grades, stresses are given only for the 
species commonly cut to those sizes. Stresses for any other species can be obtained from the Forest Products 
Laboratory. 

2. Minimum-strength Value. — Structural grades are developed to ensure minimum strength values. The 
defects permitted in the common grades provide material having not less than 60 % of the strength of green clear 
wood, and in the select grades, of 75 %, although in Douglas fir and southern pine the stresses recommended in 
compression and in extreme fiber in bending are 80 % of green clear wood strength on account of the limitation on 
rate of growth. 

3. Exposure. — Working values are given for three conditions of exposure during use: (a) continuously dry, 
(6) occasionally wet but quickly dried, (c) more or less continuously damp or wet. Judgment should be exercised 
as to the values to be used in a particular case. 

(a) Continuously Dry, — Continuously dry contemplates use in interior or protected construction not subject 
to conditions of excessive dampness or high humidity. 

(h) Occasionally Wet. — Occasionally wet but quickly dried assumes use in such exterior structures as bridges, 
trestles, grand stands or bleachers, and exposed framework of open sheds. 

(c) Usually Wet. — More or less continuously damp or wet would apply to material exposed to waves or tide- 
water, or in contact with earth, or used in a building in portions that would be more or less continuously wet. 

4. Impact. — The working values recommended may be used without allowance for impact up to 100 %. 

5. Maximum Horizontal Shear. — Working values given for horizontal shear are maximum values. The 
maximum unit horizontal shear at any point in a beam as calculated is one and one-half of the average unit shear 
obtained by dividing the total shear at that point by the area of the cross-section. 

6. Analysis for Shear Stress. — Recognition of all loads in designing for moving loads, or loads concentrated 
near a support, gives a calculated shearing stress higher than is actually developed. In calculating the shear at 
one end of a beam, the concentrated loads between that end and a point distant three times the depth of the beam 
from it may be considered as acting at that point. In moving loads, as on highway bridges or railway stringers, 
in computing the shear at one end it is safe to ignore all wheel loads between that end and a point three 
times the depth of the beam or stringer from it, when the balance of the span is assumed loaded so as to give 
a maximum shear stress. 

1 These data are published as the result of cooperative work by several organizations including the Forest 
Products Laboratory, the American Railway Engineering Association, and the A.S.T.M. They do not form a part 
of the specification as a purchase specification. They are printed with the specification as a oonvonienoe to the user 
so that the data will be immediately available without further reference. 


151U 



APPENDIX G 1511 

Table I. Working Stresses for Joist and Plank and Beams and Stringers,^ Pounds 

PER Square Inch 

For Material Complying with Structural Grades of the American Society for Testing Materials 

Continuously dry 

Species 

bending ^grjn elasticity 


Select grade 


Cedar: 

Western red 

Northern and southern white 

Port Orford 

Alaska 

Cypress: 

Southern 

j Douglas fir: 

I Coast region, Select 

Dense select 

Rocky Mountain region 

Fir: 

Balsam 

Golden, noble, silver, white 

Hemlock: 

West Coast 

Eastern 

Larch: 

Western ' 

Oak: 

Red and white 

Pine: 

Southern, Select 

Dense select 

California, Idaho and Northern white, Pondosa and 

sugar 

Norway 

Redwood 

Spruce: 

Red, white, Sitka 

Engelmann 

Tamarack: 

Eastern 


Cedar: 

Western red 

Northern and southern white 

Port Orford 

Alaska 

Cypress: 

Southern 

Douglas fir: 

Coast region 

Rocky Mountain region 

Fir; 

1 Balaam 

[ Golden, noble, silver, white 

Hemlock: 

West Coast 

^Eastern 

Larch: 

Western 

Oak: 

Red and white 

Pine: 

Southern • 

California, Idaho and northern white, Pondosa, and 

sugar., 

Norway 

Redwood 

Spruce: 

Red, white, Sitka 

Ehglemann 

Tamarack: « 

Eastern 


900 

200 

80 

1,000,000 

750 

175 

70 

800,000 

1,100 

250 

90 

1,200,000 

1,100 

250 

90 

1,200,000 

1,300 

350 

100 

1,200,000 

1.600 

345 

90 

1,600,000 

1,750 

380 

105 

1,600,000 

1,100 

275 

85 

1.200,000 

900 

150 

70 

1,000,000 

1,100 

300 

70 

1,100,000 

1,300 

300 

75 

1,400,000 

1,100 

300 

70 

1,100,000 

1,200 

325 

100 

1,300,000 

1,400 

500 

125 

1,500,000 

1,600 

345 

110 

1,600,000 

1,750 

380 

128 

1,600,000 

900 

250 

85 

1,000,000 

1,100 

300 

85 

1,200,000 

1,200 

250 

70 

1,200,000 

1,100 

250 

85 

1,200,000 

750 

175 

70 

800,000 

1,200 

300 

95 

1,300,000 

on grade 

720 

200 

64 

1,000,000 

600 

175 

56 

800,000 

880 

250 

72 

1,200,000 

880 

250 

72 

1,200,000 

1,040 

350 

80 

1,200,000 

1,200 

325 

72 

1,600,000 

880 

275 

68 

1,200,000 

720 

150 

56 

1,000,000 

880 

300 

56 

1,100,000 

1,040 

300 

60 

1,400.000 

880 

300 

56 

1,100,000 

960 

325 

80 

1,300,000 

1,120 

500 

100 

1,500,000 

1,200 

325 

88 

1,600,000 

720 

250 

68 

1,000,000 

880 

300 

68 

1,200,000 

960 

250 

56 

1,200,000 

880 

250 

68 

1,200,000 

600 

175 

56 

800,000 

960 

300 

76 

1,300,000 
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Table I. — Working Stresses {Continued) 



Occasionally wet biU quickly dried 



Species * 

Extreme fiber in bending 

Compression 
perpendicu- 
lar to grain 

Maximum 

horizontal 

shear 

Modulus 
of elasticity 

4 in. and 
thinner 

5 in. and 
thicker 

Select grade 

Cedar: 






Western red 

710 

800 

150 

80 

1,000,000 


580 


140 

70 

800,000 

Port Orford 

890 

1,000 

200 

90 

1.200.000 


890 


200 

90 

1,200,000 

Cypress: 

980 


250 

100 

1,200,000 

Douglas fir: 






Coast region, select 

1,240 

1,385 

240 

90 

1,600,000 

Dense select 

1,370 

1,515 

265 

105 

* 1,600,000 

Rocky Mountain region 

800 

900 

225 

85 

1,200,000 

Fir: 

Balsam 

670 


125 

70 

1,000,000 

Golden, noble, silver, white 

800 


225 

70 

1,100,000 

Hemlock: 






West Coast 

980 

1,100 

225 

76 

1,400.000 

Eastern 

800 


225 

70 

1,100.000 

Larch: 






Western 

980 

1,100 

225 

100 

1,300,000 

Oak: 

1,070 

1,200 

375 

125 

1,500,000 

Pine: 






Southern, select 

. 1,240 

1,385 

240 

110 

1,600,000 

Dense select. 

1,370 

1,515 

265 

128 

1,600,000 

California, Idaho and northern white, 







710 


150 

85 

1,000,000 


890 


175 

85 

1,200,000 

Redwood 

890 

1,000 

150 

70 

1,200,000 

Spruce: 






Red, white, Sitka 

800 

900 

150 

85 

1,200,000 


580 


140 

70 

800,000 

Tamarack: 






Eastern 

980 


225 

95 

1,300,000 

Common grade 

Cedar: 






Western red 

600 

640 

150 

64 

1,000,000 

Northern and southern white. ...... 

490 


140 

56 

800,000 

Port Orford 

760 

800 

200 

72 

1,200,000 

Alaska 

760 


200 

72 

1,200,000 

Cypress: 

Southern ■ 

830 


250 

80 

1,200,000 

Douglas fir: 





Coast region 

980 

1,040 

225 

72 

1,600,000 

Rocky Mountain region 

680 

720 

225 

68 

1,200,000 

Fir: 







570 


125 

66 

1,000,000 

Golden, noble, silver, white 

680 


225 

56 

1,100,000 

Hemlock: 





West Coast 

830 

880 

225 

60 

1,400.000 

Eastern 

680 . 


225 

56 

1,100,000 

Larch: 





Western 

830 

880 

225 

80 

1,300,000 

Oak: 






Red and white 

900 

960 

375 

100 

1,500,000 

Pine: 






Southern 

980 

1,040 

225 

88 

1,600,000 

California, Idaho and northern white, 






Pondosa, and sugar 

600 


150 

as 

1 ,000,000 


760 


175 

68 

1,200,000 

Redwood 

760 

800 

150 

56 

1,200,000 

Spruce: 






Red. White Sitka 

680 

720 

150 

68 

1,200,000 

Bnglemann 

490 


140 

56 

800,000 

Tamarack: 





Eastern 

830 


225 

76 

1,300,000 
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Table I. — Woeking Stresses {Continued) 


! ' More or Less continuously damv or wet 1 


Extreme fiber in bending 




Species 



Compression 

Maximum 

Modulus of 
elasticity 

4 in. and 

5 in. and 

perpendicu- 
lar to grain 

horizontal 

shear 


thinner 

thicker 




Select grade 

Cedar: 






Western red.. . 

670 

750 

125 

80 

1,000,000 

Northern and southern white 

530 

100 

70 

800,000 

Port Orford 

800 

900 

150 

90 

1,200,000 

Alaska . . . 

Cypress: 

800 


150 

90 

1,200,000 

Southern 

800 


225 

100 

1,200,000 

Douglas fir: 


Coast region, select 

950 

1,050 

620 

1,065 

1,165 

700 

215 

235 

200 

90 

105 

85 

1,600,000 

1,600,000 

1,200,000 

Dense select 

Rocky Mountain region 

Fir: 





Balsam 

530 

710 


100 

200 

70 

70 

1,000,000 

1,100,000 

Golden, noble, silver, white 

Hemlock: 




West Coast 

800 

710 

900 

2OO 

200 

75 

70 

1.400.000 

1.100.000 

Eastern 

Larch: 


Western 

800 

900 

200 

100 

1,300,000 

Oak: 

Red and white 

890 

1,000 

300 

125 

1,500,000 

Pine: 

Southern, select 

950 

1,065 

1,165 

215 

110 

1,600,000 

1,600,000 

Dense select 

1,050 

235 

128 

California, Idaho and northern white 




Pondosa, and sugar 

670 


125 

85 

1,000,000 

Norway 

Redwood 

710 

710 

800 

150 

125 

85 

70 

1,200,000 

1,200,000 

Spruce: 

Red, white, Sitka 

Englemann 

710 

440 

800 

125 

100 

85 

70 

1,200,000 

800,000 

Tamarack: 


Eastern 

800 


200 

96 

1,300,000 

Common grade 

Cedar: 






Western red 

570 

600 

125 

64 

1,000,000 

Northern and southern white 

450 

106 

56 

800,000 

Port Orford 

680 

720 

150 

72 

1.200,000 


680 

150 

72 

1,200,000 

Cypress: 


Southern : . 

680 


226 

80 

1,200,000 

Douglas fir: 


Coast region 

750 

800 

200 

72 

1,600.000 

Rocky Mountain region 

530 

560 

200 

68 

1,200,000 

Fir: 



Balsam 

450 


100 

56 

1,000,000 


600 


200 

56 

1,100,000 

Hemlock:' 


West Coast 

680 

720 

200 

60 

1,400,000 

Eastern 

600 


200 

56 

1,100,000 

Larch : 

Western 

680 

720 

200 

80 

1,300,000 

Oak: 




Rod and white * * • • • 

750 

800 

300 

100 

1,500,000 

Pine: 




1,600,000 


750 

800 

200 

88 

California, Idaho and northern white, 



68 

1,000,000 

Pondosa, and sugar 

570 


125 


600 


150 

68 

1,200,000 


600 

640 

125 

56 

1,200,000 

Spruce: 

600 

640 

125 

68 

1,200,000 


370 


100 

56 

800,000 

Tamarack: 


200 

76 

1.300,000 


680 








1 Values are those recommended by Forest Products Laboratory, U. S. Forest Service, 
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7. Shear Stresses for Joint Details. — Shear stresses for joint details may be taken as 50 % greater than the 
values for horizontal shear given in Table I. • 

8. Permanent Set. — Timber constantly yields under long-continued loading, acquiring a permanent set. This 
set with a fully loaded beam is about equal to the deflection using the modulus of elasticity as given in the table. 
In order to minimize the results of sag, it is advisable to use values one-half those given in the tables. 

9. Compression in Short Columns. — The working stresses for compression parallel to grain are for use on posts, 
struts, etc., with unsupported length not greater than ten times their least dimension. They are also for use in 
end bearing on compression members, as a short column or strut is more likely to fail at the end than at any other 
point in its length, and the variations in moisture content are greater there. 

10. Compression in Medium-length Columns. — For columns of intermediate length, the Forest Products 
Laboratory finds from tests recently made that a fourth-power parabola, tangent to the Euler curve, is a conservative 
representation of the law controlling the strength. That is, from the short block to the long column in which the 
strength is dependent on stiffness, there is a falling off in ultimate strength which follows a smooth curve, very flat 
at first but curving sharply to become tangent to the Euler curve at two-thirds of the ultimate crushing strength. 

P P 2S 

11. Formula. — For columns from - = to — = — , 



where P « total load, pounds 
A «» area, square inches 

P 

2 = unit compressive stress 

S =• safe stress in compression parallel to grain for short columns 
I sa unsupported length, inches 
d =* least dimension, inches 
E = modulus of elasticity 

Z ” P 2S 

K = The ^ at the point of tangency of the parabolic and Euler curves, at which ~ The value of 

K for any species and grade is ^ 

12. Influence of Defects. — The influence of defects on the compressive strength of columns of constant cross- 

I 

section decreases as the length increases. When equals the value of K for the species and grade, defects such as 

a 

are allowable in the grade have little influence on the strength as a column. Beyond this length the investigation 
of the strength of columns indicated that the Euler formula is quite accurate for long wooden columns with pin-end 
connections and that the maximum load is dependent upon stiffness. In such columns, a factor of safety of 3 should 
be applied to values of modulus of elasticity in order to obtain safe loading. 

13. Influence of End Conditions. — The laboratory does not, with the present data and under ordinary condi- 
tions, find justification for increasing the stresses on square-end columns over those for carefully centered pin-end 
columns. Tests to determine the influence of end conditions are still being made, and it is probable that under 
special conditions higher stresses can be used. 

P P 

14. Long Columns. — For long columns, with factor of safety of 3, — =* tc' — ; — 

A 36 /Z \ 2 
\d) 

15. Maximum Length. — Columns should be limited in slenderness to » 50. 

a 

16. Direct Tension, — For direct tension the same values as for extreme fiber stress in bonding may be used* 
Straight-grained wood has greater resistance to tension than to any other kind of stress. It has been found, how- 
ever, practically impossible to design joints that will develop anywhere near the full tensile strength. 

17. Joints and Beams in Direct Tension. — Grades of joists or beams may bo used for niernbera in direct tension, 
as in bottom chords of trusses, increase in size of defects toward ends being perniissiblo because of the gradual 
application of stresses through splice plates or end connections. 

18. Joist and Plank, Vertical or Horizontal.— The provisions of the joiat-and-plank grades are such that work- 
ing stresses for these grades may be applied to material used with wide faces vortical or horizontal. In material 
6 in. and thicker with loads applied to the wide face, the knot requirements for this face are those for the narrow 
face as given in the rules. 

19. Working Stresses in Timbers Nearly Square.— Where working stresses in bonding are required for caps, 
bridge ties, etc., they should be graded on beam-and-stringer grades, but as such material is often square or has 
horizontal faces wider than the vertical faces, in contrast to beams and stringers in which the narrow faces are hor- 
izontal and the wide faces are vertical, care should be exercised that the knot limitations are applied to the proper 
faces. 

20. Two-span Stringers. — In railway stringers of two spans' length, defects throughout the center two-thirds 
should be limited as in the center third of single-span stringers, for the maximum moment will be over the center 
support, and although the full positive moment would not be developed in either span so long us then* wan rosistance 
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to negative moment over the center support, there might be circumstances in which full positive moment of resist- 
ance at the centers of the two spans would be desirable. 

Factors of Safety 

21. Elastic Limit and Breaking Strength. — In determining working stresses, the Forest Products Laboratory 
has considered both elastic limit and breaking strength. Elastic limit, however, is more variable and less definite 
than ultimate strength, and the latter is taken as the more dependable basis for the determination of safe working 
stresses. 

22. Factor of Safety. The factor of safety at a given working stress varies materially with the duration of 
the stress. At the recommended working stresses, given in the table for continuously dry locations, the average 
timber in buildings has a factor of safety of 6 on impact loading,^ a factor of 4 or 5 min. loads and for long-time 
loading, with a minimum factor of safety of 2 on 75 % of the pieces under long-time loading. About 1 piece in 100, 
of very light weight and with maximum defects for the grade, would be expected to break at one and one-half times 
the recommended stress under loading of approximately 10 years’ duration. For new timbers in bridge construc- 
tion, the factors of safety are about 15 % greater. 

Factors Affecting Working Stresses 

23. Basis of Working Strength. — Working stresses are based on the length of the clear wood of the various 
species and, in some properties, on grade as fixed by limitation on size and location of knots, extent of shake and 
checks and extent of cross-grain, on conditions of exposure during use, and on size of piece. In southern pine and 
Douglas fir, working stresses in some properties are increased for limitation on rate of growth and for requirement 
of percentage of summerwood. 

24. Variations with Exposure, Grade, Size. — Working stresses for extreme fiber in bending are varied with 
grade, extent of exposure, and size of piece; in horizontal shear, with grade; in compression parallel to grain, with 
grade and exposure; in compression perpendicular to grain, with exposure. 

25. Working stresses in shear are not varied with size or extent of exposure; in compression parallel to grain 
they are not varied with size; in compression perpendicular to grain they are not varied with grade or size; in modu- 
lus of elasticity they are taken as the same in all grades. 

26. Rate of Growth and Density. — In southern pine and Douglas fir, working stresses in extreme fiber in bend- 
ing, compression parallel to grain, and compression perpendicular to grain, in any grade, may be increased one- 
fifteenth for material of close grain, or one-sixth for dense material, over material not so selected. Values in these 
species in shear may be increased one-sixth for dense material but not for limitation on rate of growth. Modulus 
of elasticity is not varied with these properties. 

27. Variations in Working Stresses. — The several permitted working stresses vary with conditions as follows, 
a V* indicating that the stress varies, and a blank (. .) indicating that the stress does not vary: 


Property 

Governing 

defects 

Conditions 

of 

exposure 

Grade 

Size of 
piece 

Rate of 
growth 

Density 

Extreme fiber stress in bending 

Knots and 
angle of 
grain 

V 

V 

V* 

V 

V 

Horizontal shear 

Shakes 

and 

checks 


V 



V 

Compression parallel to grain 

Knots and 
angle of 
grain 

V 

V 



V 

Compression perpendicular to grain 

Modulus of elasticity 


v' 



V 

V 


* Dry location only. 

1 If impact stresses are neglected when less than 100 % of the live load producing them, the factor of safety for 
such loads will be reduced from 6 to a minimum of 3. 
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Table II. — Working Stresses for Posts and Timbers 6 X 6 in. and Larger^ ^ Pounds 

PER Square Inch 

For Material Complying with Structural Grades of the American Society for Testing Materials 
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Table II. — Working Stresses (Continued) 


Posts and timbers 6 X 6 in. and larger 

Occasionally wet hut quickly dried 


Compression parallel to grain 







Ratio of length to least dimension CL/D) 





Modulus of 


















j 








Species 

10 

12 

14 

16 

18 

20 

26 

30 

35 j 

40 

50 






Select 

grade 








Cedar 













Western red . 

700 

686 

673 

654 

628 

591 

438 

304 

224 

171 

110 

1,000,000 

Douglas fir: 

Coast region, select. . . 

1,065 

1,045 

1,028 

1,003 

968 

915 

702 

487 

358 

274 

175 

1,600,000 

Dense select 

1,165 

1,139 

1,118 

1,083 

1,036 

971 

702 

487 

358 

274 

175 

1,600,000 

Rocky mountain region. . . 
Hemlock: 

800 

785 

772 

753 

728 

688 

526 

365 

268 

206 

132 

1,200,000 


900 

885 

871 

851 

824 

783 

612 

426 

313 

240 

153 

1,400,000 

Larch : 

Western 

Oak: 

1,000 

976 

955 

922 

877 

810 

570 

396 

291 

223 

142 

1,300,000 


900 

886 

876 

859 

834 

798 

652 

457 

336 

257 

164 

1,500,000 

Pine: 

Southern, select 

1,065 

1,045 

1,028 

1,003 

968 

915 

702 

487 

358 

274 

175 

1,600,000 

Dense select. . . . 

1,165 

1,139 

1,118 

1,083 

1,036 

971 

702 

487 

358 

274 

175 

1,600,000 


900 

879 

861 

834 

794 

738 

526 

365 

268 

206 

132 

1,200,000 

Spruce : 


Red, white, Sitka 

750 

738 

728 

712 

690 

657 

525 

365 

268 

206 

132 

1,200,000 

Common grade 

Cedar: 











no 

1,000,000 

Western red 

560 

552 

546 

537 

523 

504 

425 

304 

224 

171 

Douglas fir: 





1,600,000 


800 

792 

784 

773 

758 

736 

644 

487 

358 

274 

175 

Rocky mountain region . . . 
Hemlock: 

640 

632 

625 

616 

602 

582 

502 

365 

268 

206 

132 

1,200,000 

720 

712 

705 

695 

681 

659 

572 

426 

313 

240 

153 

1,400,000 

Larch: 

Western 

Oak: 

800 

787 

777 

760 

736 

704 

664 

396 

291 

223 

142 

1.300.000 

1.500.000 


720 

714 

708 

698 

686 

668 

592 

457 

336 

257 

164 

Pine: 







1,600,000 


800 

792 

784 

773 

758 

736 

644 

487 

358 

274 

175 


720 

709 

700 

685 

666 

637 

518 

365 

268 

206 

132 

1,200,000 

Spruce: 

600 

594 

588 

580 

568 

552 

485 

365 

268 

206 

132 

1,200,000 
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Table II. — Wobkinq Steesses {Continued) 


ikfore or leas continuously damp or wet 


Compression parallel to grain 







Ratio of length to least dimension \L/D) 





Modulus of 













elasticity 

Species 

10 

12 

14 

16 

18 

20 

25 

30 

35 

40 

50 

Select grade 

Cedar: 

650 

638 

629 

614 

594 

665 

437 

304 

224 

171 

110 

1,000,000 

Douglas fir: 

Coast region, select 

905 

893 

883 

867 

846 

814 

683 

487 

358 

274 

175 

1,600,000 

” Dense select. 

990 

974 

961 

940 

910 

871 

698 

487 

358 

274 

175 

1,600,000 

Rocky mountain region , . . 

700 

690 

681 

669 

651 

623 

514 

365 

268 

206 

132 

1,200,000 

West Coast 

800 

789 

780 

766 

745 

717 

600 

42& 

313 

240 

1.53 

1,400,000 

Larch: 

Western 

800 

787 

776 

760 

736 

704 

565 

396 

291 

223 

142 

1,300,000 

Oak: 

Red and white 

800 

790 

783 

771 

753 

728 

625 

457 

336 

257 

164 

1,500,000 

Pine: 

905 

893 

883 

867 

846 

814 

683 

487 

358 

274 

175 

1,600,000 


990 

974 

961 

940 

910 

871 

698 

487 

358 

274 

175 

1,600,000 


750 

737 

727 

712 

690 

657 

525 

365 

268 

206 

132 

1,200,000 

Spruce: 

Red, white, Sitka 

650 

642 

635 

626 

611 

589 

500 

365 

268 

206 

132 

1,200,000 

Common grade 

Cedar: 

Western red 

520 

514 

609 

602 

491 

475 

413 

304 

224 

171 

110 

1,000,000 

Douglas fir: 

680 

675 

670 

664 

655 

641 

588 

482 

358 

274 

175 

1,600,000 

Rocky mountain region. . . 

560 

554 

551 

544 

535 

521 

465 

365 

268 

206 

132 

1,200,000 

Hemlock: 

West Coast 

640 

634 

629 

622 

612 

598 

537 

426 

313 

240 

153 

1,400,000 

Larch: 

640 

633 

627 

618 

606 

588 

519 

396 

291 

223 

142 

1,300,000 

Oak: 

640 

636 

631 

625 

616 

603 

550 

453 

336 

257 

164 

1,500,000 

Pine: 





274 

175 


680 

675 

670 

664 

655 

641 

588 

482 

358 

1,600,000 


600 

594 

588 

680 

568 

552 

483 

365 

268 

206 

132 

1,200,000 

Spruce: 

520 

515 

512 

507 

500 

489 

446 

365 

268 

206 

132 

1,200,000 










1 Values are those recommended by Forest Products Laboratory, U. S. Forest service. 


Safe Loads for Wooden Columns 


1. The unit working stresses in compression parallel to grain for columns whose ratio of unsupported length to 
least dimension does not exceed 10 shall be not greater than that given for the species in the accompanying Table II 
on working stresses. 

2. For columns the ratio of whose unsupported length to least dimension is greater than 10, the following 
formula shall be used until the reduction in allowable stress equals one-third the stress for short columns; 


where 


p 

A 


4 - 1 (^ 3 )*] 


P * 
A « 
P 
A ’ 
S = 
I = 
d ■■ 


total loads, pounds 
I area, square inches 

! unit compressive stress 

safe stress in compression parallel to grain for short columns 
unsupported length, inches 
> least dimension, inches 
« modulus of elasticity 


7 p 

K = the ^ at the point of tangency of the parabolic and Euler curves, at which ^ 
The value of K for any species and grade is ^ 


V65 


0 
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5. For columns of greater length, the Euler formula below, which includes a factor of safety of 3, shall be used; 

r E 

:i=36(,y 

4. Columns shall be limited in slenderness to = 50. 

d 


Values op K for Columns of Intermediate Length 


Species 

Continuously dry 

Occasionally wet 

Usually wet 

Select 

Common 

Select 

Common 

Select 

Common 

Cedar: 







Western red 

24.2 

27.1 

24 2 

27 1 

25.1 

28.1 

Cedar: 







Port Orford 

23 4 

26 2 

24 6 

27 4 

25 6 

28.7 

Douglas fir: 







Coast region, select 

23.7 

27 3 

24 9 

28.6 

27 0 

31.1 

Dense select . 

22 6 

24 9 

23.8 

26.1 

25 8 

28 3 

Rocky Mountain region 

24.8 

27 8 

24 8 

27.8 

26.5 

29.7 

Hemlock: 







West Coast 

25.3 

28 3 

25 3 

28.3 

26.8 

30.0 

Larch: 







Western 

22.0 

24.6 

23.1 

25.8 

25 8 

28 8 

Oak: 







Red and white 

24.8 

27.8 

26.1 

29.3 

27.7 

31.1 

Pine, southern, select 

23.7 

27.3 

24.9 

28.6 

27.0 

31.1 

Dense select 

22.6 

24.9 

23.8 

26.1 

25 8 

28.3 

Redwood 

22.2 

24.8 

23.4 

26 1 

25.6 

28.6 

Spruce: 







Rod, white, Sitka 

24 8 

27.8 

25.6 

28.7 

27.5 

30.8 


Strength of Columns op Intermediate Length, Expressed as a Percentage op Strength 

OF Short Columns 


Values for the expression j. 1 




1 

Ratio of length to least dimension in rectangular timbers ^ 

K 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

22 

97 

96 

95 

93 

91 

88 

85 

81 

77 

72 

67 










23 

98 

97 

95 

94 

92 

90 

87 

84 

81 

77 

72 

67 









24 

98 

97 

96 

95 

93 

92 

89 

87 

84 

80 

76 

72 

67 








25 

98 

98 

97 

96 

94 

93 

91 

89 

86 

83 

80 

76 

72 

67 







26 

99 

98 

97 

96 

95 

93 

92 

91 

89 

86 

S3 

80 

74 

72 

67 






27 

99 

98 

98 

97 

96 

95 

93 

92 

90 

88 

85 

82 

79 

74 

71 

67 





28 

99 

98 

98 

97 

96 

95 

04 

93 

91 

89 

87 

85 

82 

79 

75 

71 

67 




29 

99 

99 

98 

98 

97 

96 

95 

94 

92 

91 

89 

87 

84 

82 

79 

75 

71 

67 



30 

99 

99 

98 

98 

97 

97 

96 

95 

94 

92 

90 

88 

86 

84 

81 

78 

75 

71 

67 


31 

99 

99 

99 

98 

98 

97 

96 

95 

94 

93 

92 

90 

88 

86 

84 

81 

78 

75 

71 

67 


Note. — T his table can also be used for columns not rectangular, the l/d being equivalent to 0.289 l/r, where r 
is the least radius of gyration of the section. 






APPENDIX H 

TESTS ON BRICK PIERS 

The most important tests on brick piers of recent years were made by J G. Bragg of the Bureau of Standards 
the tests being conducted with the cooperation of the National Brick Jvianufacturers' Association. The 50 piers 
tested were 30 in. square and were of a height of 10 ft , except 4 piers reinforced with wire mesh which were 5 ft 
The bricks were selected from the districts cf Chicago, Pittsburgh, New York, and New Orleans. They were clas- 
sified as (11 hard burned best quality, (2) medium burned or common, and (3) soft burned or inferior quality. 
The mortars, bonding, and other data of the tests of piers and individual bricks are given in Technologic Paper 
No. in, Bureau of Standards. The accompanying table which is self-explanatory is quoted therefrom. 
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Ree p. 1524. 
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Details op Construction and Summary op Test Data. (Supplementary Piers) 
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1:6 = 1 course headers, 6 stretchera, “slushed” joints. 

Ten tests only were made in case of Grade 3 from the Pittsburgh District. 
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A summary 18 also submitted in Technologic Paper Mo. Ill of the results of Tests by Howard, MoCausland, 
MacGregor, and Kreuger as follows: 

Howard s Tests (Eng. Reo., March 22, 1913). — This work consists of several series of pier tests, in which a study 
was made of various mortars, grades of brick, and methods of laying the bricks. A novel feature of this work was the 
laving of bricks on edge and in some case breaking joints every third or sLxth course, instead of every course. The 
piers tested ranged in cross-sectional dimensions from 8 X 8 in. to 16 X 16 in , the heights varying from 2 to 12 ft. 
6 in. In these tests, 14 of w'hich were made on face-brick piers laid in 1 part Rosendale cement to 2 parts 
sand mortar, the strength was found to vary with the height of pier, the ultimate resistance of the pier varying from 
12.5 to 18.1 % of the compressive strength of the bricks. Thirty-eight common-brick piers of the same mortar and 
general dimensions developed a strength of from 7.8 to 17.6% of the compressive strength of the bricks. Laying 
the bricks on edge and breaking joints every third or sixth course increased the strength considerably. 

Results of some of these tests are given in the following table which is taken from Burr’s Elasticity and Re- 
sistance of the Materials of Engineering, sixth edition: 


Crushing Strength op Brick Piers of Various Sizes Laid in Different Mortars 


No. 

Height of pier 

Section of 
pier 

(inches) 

Composition of mortar 

"Weight per 
cubic foot 
(pounds) 

Ultimate 
resistance 
(lb. per sq. in.) 

al 

1 ft. 4 in. 

8X8 

1 lime, 3 sand 

137.4 

2520 

a2 

6 ft. 8 in. 

8X8 

1 lime, 3 sand 

133.5 

1877 

a3 

1 ft. 4 in. 

8X8 

1 Portland cement, 3 sand 

136.3 

3776 

a4 

6 ft. S in. 

8X8 

1 Portland cement, 3 sand 

135.5 

2249 

a5 

2 ft. 0 in. 

12 X 12 

1 lime, 3 sand 


1940 

aO 

2 ft. b in. 

12 X 12 

1 lime, 3 sand ‘ 


1900 

(i7 

10 ft. 0 in. 

12 X 12 

1 lime, 3 sand 

131.7 

1511 

a8 

10 ft. 0 in. 

12 X 12 

1 lime, 3 sand 

125.0 

1807 

,i9 

2 ft. 0 in. 

12 X 12 

1 Portland cement, 2 sand 


3670 

alO 

10 ft. 0 in. 

12 X 12 

1 Portland cement, 2 sand 

132.2 

2253 

hll 

1 ft. 4 in. 

8X8 

1 lime, 3 sand 

135.6 

2440 

612 

G ft. 8 in. 

8X8 

1 lime, 3 sand 

133.6 

1540 

613 

2 ft. 0 in. 

12 X 12 

1 lime, 3 sand 


i 2150 

614 

2 ft. 0 in. 

12 X 12 ! 

1 lime, 3 sand 


2050 

615 

9 ft. 9 in. 

12 X 12 

1 lime, 3 sand 

131.5 

1118 

610 

10 ft. 0 in. 

12 X 12 

1 lime, 3 sand 

136.0 

1587 

617 

10 ft. 0 in. 

12 X 12 

1 Portland cement, 2 sand 

131.0 ' 

2003 

618 

2 ft. 0 in. 

! 16 X 16 

1 Portland cement, 2 sand 


2720 

619 

10 ft. 0 in. 

16 X 16 

1 Portland cement, 2 sand 


1887 


a. The kind of brick used in this test was face brick, with an average compressive strength of 13,925 lb. per 
sq. in. 

b. The kind of brick used in this tost was common brick, with an average compressive strength of 18,337 lb. 
per sq. in. 

MaCamtland's Tests (Transactions of the Association of Civil Engineering of Cornell University for 1900). — 
This investigation was composed of a series of 14 piers, 13 X 13 in. in cross-sectional dimensions and 80 in. high, 
which were reinforced laterally in the horizontal joints with steel plates, straps, or wire meshing. The mortar was 
composed of 1 part Portland cement and 3, parts sand- The bricks used had a compressive strength of 3500 lb. per 
sq. in. In thcHO tests it is shown that the efficiencies of the piers reinforced with iron straps and plates are less than 
those of the piers without reinforcement. The piers reinforced with wire mesh in every joint developed efficiencies 
of 40 % as compared with 30 % for those without reinforcement. However, there is a considerable drop in efficiency 
from the piers with wire mesh in every joint and piers with wire mesh ih every second joint, which developed effi- 
ciencies of only 33 %. 

The table of results of McCaustland’s tests, given on page 1526, is taken from Burr’s Elasticity and Resis- 
tance of the Materials of Engineering, sixth edition: 

Maegregor's Tests (Tests made by Prof. J. S. Maegregor, Columbia University). — The object of this investiga- 
tion was to ascertain what proportions of cement and lime may be used to advantage in a cement-lime mortar and 
the effect of such mortars on the ultimate compressive strength of brick masonry. Seven sets of brick piers 8 X 8 X 
84 in. were tested. Each set of 9 piers represented a different proportion of mortar with varying amounts of hy- 
drated lime. Each set was composed of 3 groups of 3 piers each, group 1 being tested at 7 days, group 2 at 28 days, 
and group 3 at 90 days. The bricks used were hard-burned face bricks. There were also tested 7 piers of common 
brick, one for each different mortar. These piers served as a check on the hard-burned face brick piers, and 
were tested at the age of 28 days. In these tests piers laid in a mortar composed of 1 part (25% lime and 75% 
Portland cement) to 3 parts sand by volume developed the highest strength. Piers laid in mortar composed of 
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Ultimate Compressive Resistance oe 13 X 13 X 80-in. Brick Piers With Metal 
Reinforcement in Horizontal Joints 
(Built with 1 : 2 Portland cement mortar; joints 0.3 in. thick) 


No. 

Kinds of joints 

tJltimaf 

Total 

e stress 

Pounds per 
square inch 

Efficiency 
per cent, of 
single brick 

1 

Portland-cement mortar, 1:2 

194,000 

1,150 1 


30 

2 

Portland-cement mortar, 1:2 

200,000 

1,184 1 



3 

Iron straps every fourth course 

136,400 

810 1 


24 

4 

Iron straps every fourth course 

155,400 

920 J 



5 

Iron straps every sixth course 

130,000 

780 


22 

6 

Iron straps every eighth course 

142,500 1 

843 


24 

7 

Iron netting every second course 

192,000 

1,136 


33 

8 

Iron netting every second course 

208,000 

1,248 

f 


9 

Wire netting every course 

282,000 

1,694 


46 

10 

Wire netting every course 

240,000 

1,440 



11 

Iron plate every fourth course 

174,000 

1,030 



12 

Iron plate every fourth course 

193,500 

1,145 


28 

13 

Iron plate every fourth course 

162,000 

974 



14 

Iron plate every fourth course 

143,000 

858 , 




1 part (SO % lime and 50 % Portland cement) to 3 parts sand developed higher strengths than piers laid in 1 part 
cement to 3 parts sand mortar. 

The following data are taken from Bulletin J, Hydrated Lime Bureau of the National Lime Manufacturers' 
Association: 


Effect of Cement-Lime Mortar on Strength op 8 X 8-in. Brick Piers 


Mortar mixture used 

Age when 
tested (days) 

Compressive strength 
(lb. per sq. in.) 

By volume 

By weight 

Face-brick 
piers; each 
result an 
average of 

3 tests 

Common-brick 
piers; 1 
test only 



7 

2630 


1 Portland cement; 3 sand 

100 Portland cement; 300 

28 

2840 

1170 


sand 

90 

2840 




7 

3080 


0.10 hydrated lime 

4 hydrated lime 

28 

3170 

1189 



90 

4435 



" 7 

2890 


0.15 hydrated lime 

6 hydrated lime 

28 

3230 

1340 

3 sand 

300 sand 

90 

4300 

0.75 Portland cement 

75 Portland cement 

7 

3120 


0.25 hydrated lime, 

10 hydrated lime 

28 

3470 

1685 

3 sand 

300 sand. 

90 

4170 

0,50 Portland cement 

50 Portland cement 

7 

2760 


0.50 hydrated lime. 

20 hydrated lime 

28 

3100 

1300 

3 sand 

300 sand. 

90 

3820 

0.25 Portland cement 

25 Portland cement 

7 

1945 


0.75 hydrated lime. 

30 hydrated lime 

28 

2370 

1032 

3 sand 

300 sand. 

90 

2720 

1 hydrated lime 

40 hydrated lime. 

7 

1635 


3 sand 

300 sand 

28 

1870 




90 

1960 
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Kreug^*8 Teats (Clay Worker, July 1916, aad August 1916).— A recent investigation by Prof. E. Kreuger at 
the Technical High School in Stockholm, although conducted on small piers, is quite comprehensive in its scope. 
This investigation includes most of the variables referred to in previous tests and some tests were made to study 
the effect of eccentric loading. The piers tested were approximately 11 in. square, ranging m height from 6 to 33 in. 
With bricks of various strengths laid in 1 part lime to 3 part sand mortar, the piers developed strengths of from 
18.5 to 26.5 % of the ultimate compressive strength of bricks. It must be noted, however, that the results ob- 
tained by Prof. Kreuger are not comparable with results of testa made in the United States, since the method 
of testing the individual bricks is different. Prof. Kreuger's results were obtained from compression tests on halves 
of the same brick cemented together. Since the compressive strength developed in manner would be con- 
siderably lower than in the case of a single half brick tested flat, the efiflciency of the pier would be correspondingly 
higher. Tests of the mortar used showed an increase in strength from 28 days to 1 year of 33 to 165%, while the 
piers increased in strength in the same length of time only 6 to 17 %. The introduction of wire mesh in every 
joint increased the strength 88 to 100%. Piers loaded eccentrically on one-half their bearing surfaces failed at 
loads slightly under one-half the loads sustained by piers loaded concentrically, and no cracking was observed on 
the so-called tension side of the pier. 

The following data are taken from the Clay Worker for July 1917 and August 1917. The results have been 
converted from the metric to the English units of measure and retabulated. 


iNFLtTENCE OP THE StEENGTH OF BrICK 

(Mortar: 1 lime, 3 sand; age: 28 days) 


No. of 
piers 
tested 

Height of 
piers 
(inches) 

Breadth 
of piers 
(inches) 

Average compressive 
strength 
(lb. per sq. in.) 

% of compressive strength of bricks 
developed in 
piers 

Bricks used 

Piers 

Minimum 

Maximum 

Average 

5 

34.0 

10.0 

1920 

410 

19.3 

23.7 

21.3 

4 

34.0 

9.5 

2510 

670 

23.7 

29.5 

26.5 

3 

33.0 

9.5 

4040 

880 

20.0 

24.3 

21.8 

5 

33.5 

9.5 i 

5300 

980 

15.0 

21.2 

18.5 

4 

31.0 

9.5 

7120 

1820 

24.7 

26.2 

25.5 

6 

30.5 

9.0 

8600 

1680 

17.5 

21.6 

19.5 


Influence of the Strength of Mortar 

(Mortar: 1 lime, 3 sand; age: 28 days) 


Pier 

No. 


Compressive strength 
(lb. per sq. in.) 


Bricks 


Mortar 


Mortar mixture 


Compressive 
strength 
(lb. per sq, in. ) 


4040 

0 

Dry sand 

740 

4040 

38 

1 lime; 3 sand 

740 

4040 

355 

2 lime; 1 cement; 9 sand 

1420 

4040 

695 

1 lime; 1 cement; 6 sand 

1840 

4040 

1280 

1 lime; 2 cement; 9 sand 

1700 

4040 

1640 i 

2 lime; 1 cement; 7 sand 

1930 

4040 

2620 

1 cement; 3 sand 

1980 
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Influence of Varying the Height of the Piers 
(Mortar: 1 lim%, 3 sand) 



Compressive strength 

Breadth of 

Ratio of 

Compressive strength 

Pier no. 

of bricks 

pier 

height to 

of piers 


(lb. per sq. in.) 

(inches) 

breadth 

(lb. per sq. in.) 

1 

3260 

10.6 

4.3 

2340 

2 

3260 

10.6 

8.7 

2320 

3 

3260 

10.6 

13.0 

1940 

4 

3260 

10.6 

17.4 

1620 

5 

3260 

10.6 

21.7 

1090 

6 

3260 

10.6 

26.4 

1020 

7 

3260 

10.6 

30.7 

Broke 

8 

3260 

10.6 

35.4 

780 

9 

3260 

10.6 

39.5 

880 

10 

3200 

10.6 

43.4 

880 

11 

.3260 

10.6 i 

42.8 

750 

12 

3260 

10.6 

53.2 

780 

13 

3260 

10.6 

67.5 

640 

14 

3260 

10.6 

61.8 

610 

16 

3260 

10.6 

65.8 

660 

16 

3260 

10.6 

69.7 

660 

17 

3260 

10.6 

74.5 

610 

18 

3260 

10.6 

78.8 

610 


Effect of Eccentric Loading 

(Mortar: 1 lime, 3 sand) 


Height of 
pier 
(inches) 

Breadth 
of pier 
(inches) 

Compressive 
strength of brick 
(lb. per sq. in.) 

Compressive 
strength of 
mortar 

(lb. per sq. in.) 

Maxirm 

Concentric load 
(lb. per sq. in.) 

im load 

Eccentric load 
(lb. per sq. in.) 

33 

9.4 

4040 

50 

890 

417 

33 

9 4 

5600 

50 

1220 

570 

31 

9 t 

7100 

50 

1850 

850 


Tests made by the Bureau of Standards on 2 piers, 4 ft. square by 12 ft. high, brick eoinnion hard burned, laid 
in 1:1 cement mortar, ages of piers 31 and 57 days, developed compressive strengths of 6,580,000 and 1,710,000 lb. 
respectively {Eng. Record, March 22, 1913). 

Other information on tests of brick piers and bricks will be found in U. S. Rep. Tests of Metals 1884-6, Trans. 
Assoc. C. E. Cornell Univ. 1900, Burr’s Bias, and Resist, of Mat,, Johnson’s Mat. of Construction, Baker’s Masonry, 
Clay Worker July-August 1916, and Mar. 1913, R<efer to Amer. Soc. Test. Mat. Rep. of Comm. 6-3, Vol. 15, 91.^ 
for numerous teste on building brick from various locations. 






APPENDIX I 

STRENGTH OF STONE MASONRY 

With most stones commonly used in building construction, the strength of the stone itself is far greater than 
any distributed load that will be imposed upon it. Any Hmitations of strength are therefore imposed either (1) 
through faulty and uneven bedding, or (2) through the lower strength of mortar in which the stones are set. 

Such cases of failure of stone masonry as are on record indicate that failure was by tension of flexure, induced 
by squeezing out of mortar from^ joints, rather than in compression. No experimental data has been obtained 
except on relatively small brick piers (see Appendix H),but these teats indicate that the mortar was in each case 
the weak element of the combination; and that an increase of 50 % in the strength of the brick produced no increase 
of strength in the structure, while substitution of cement for lime mortar increased the strength 70 % 

Allowable Pressures on Stone Masonry.— The following data on foundation pressures on masonrj^ are cited 
in Baker’s Treatise on Masonry Construction: 

“ Early builders used much more massive masonry, proportional to the load to be carried, than is customary 
at present. Experience and experiments have shown that such great strength is unnecessary. The load on the 
monolithic piers supporting the large churches in Europe does not usuaUy exceed 30 tons per sq. ft. (42oIb. per sq. 
in.), or about one-thirtieth of the ultimate strength of the stone alone, although the columns of the Church of All 
Saints at Angers, France, are said to sustain 43 tons per sq. ft. (600 lb. per sq. in.). The stone-arch bridge of 140 ft. 
span at Pont-y-Pyrdd, over the Taff, in Wales, erected in 1750, is supposed to have a pressure of 72 tons per sq. ft. 
(1000 lb. per sq. in.) on hard limestone rubble masonry laid in lime mortar. The granite piers of the Saltaah Bridge 
sustain a pressure of 9 tons per sq. ft. (125 lb. per sq. in.). 

“ The maximum pressure on the granite masonry of the towers of the Brooklyn Bridge is about 28^^ tons per 
sq. ft. (about 400 lb. per sq. in.). The maximum pressure on the limestone masonry of this bridge is about 10 tons 
per sq. ft. (125 lb. per aq. in.). The face stones ranged in cubical contents from 1^2 to 5 cu. yd.; the stones of the 
granite backing averaged about cu. yd., and of the limestone about cu. yd. per piece. The mortar was 1 
volume of Roaendale natural cement and 2 of sand. The stones were rough-axed or pointed to >2-in. bed-joints and 
vertical face-joints. 

“In the Rookery Btiilding, Chicago, granite columns about 3 ft. square sustain 30 tons per sq. ft. (415 lb. per 
sq. in.) without any signs of weakness. 

In the W^ashington Monument, Washington, T). C., the normal pressure on the lower joint of the walls 
of the shaft is 20.2 tons per sq. ft. (280 lb. per sq. in.), and the maximum pressure brought upon any joint under the 
action of the wind is 25.4 tons per sq. ft. (350 lb. per sq. in.). 

“ The pressure on the limestone piers of the St. Louis Bridge was, before completion, 38 tons per sq. ft. (527 lb. 
per sq. in.); and after completion the pressure was 19 tons per sq. ft. (273) lb. per sq. in.) on the piers and 15 tons 
per sq. ft. (198 lb. per sq. in.) on the abutments. 

“ The limestone masonry in the towers of the Niagara Suspension Bridge failed under 36 tons per sq. ft., and 
were taken down, — however, the masonry was not well executed. 

“ At the South Street Bridge, Philadelphia, the pressure on the limestone rubble masonry in the pneumatic piles 
is 15.7 tons per sq. ft. (220 lb. per sq. in.) at the bottom and 12 tons per sq. ft. at the top. The maximum pressure 
on the rubble masonry (laid in cement mortar) of some of the large masonry dams is from 11 to 14 tons per sq. ft 
(154 to 195 lb. per sq. in.). The Quaker Bridge dam was designed for a maximum pressure of 16-^3 tons per sq. ft, 
(230 lb. per sq. in.)on massive rubble masonry in best hydraulic cement mortar. 

“ In the light of the preceding examples, it may be assumed that the safe load for the different classes of masonry 
is about as follows, provzded each is the best of its class: 



Net tons per square foot 

Pounds per square inch 

Rubble 

10 to 15 

140 to 200 

Squared stone 

15 to 20 

200 to 280 

Limestone ashlar 

20 to 25 

1 280 to 350 

Granite ashlar 

25 to 30 

[ 350 to 400 

Concrete 

30 to 40 

400 to 550 


Allowable Pressures under Building Codes . — Biiilding codes of various cities in the United States vary widely 
in regard to pressures allowed on stone masonry. A tabulation of limits and averages permitted by the codes of 
six cities is given on p. 1530: 
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Kind of stone 

Pressures 
(tons per sq. ft.) 


High 

Low 

Average 

Granite — cut 

72 

43 

57.5 

Marble and limestone — 'Cut 

60 

29 

38.5 


30 

12 

21.0 

Hard sandstone — cut j 




Mr. Thomas Nolan, in Kidder’s Pocket Book gives the following as allowable loads for different kinds 
of stonework, and states that “in determining the safe compressive resistance of masonry from tests on the ultimate 
compressive strength of the same kind, a f actor of safety of at least 10 should be allowed for piers and 20 for arches.*’ 

Tone per 
square foot 


Rubble walls, irregular stones 3 

Rubble walls, coursed, soft stone 

Rubble walls, coursed, hard stone 5 to 16 

Dimension-stone, squared, in cement mortar: 

Sandstone and limestone 10 to 20 

Granite 20 to 40 

Dressed stone, with dressed joints, in Portland-cement mortar: 

Granite 

Marble or limestone, best 

Sandstone 30 
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STANDARD SPECIFICATIONS 
FOR 

CONCRETE AND REINFORCED CONCRETE* 


CONTENTS 

Chapter 

1. General Instructions 

H. Definitions 

III. Quality Of Concrete 

IV. Materials: 

A. Portland Cement 

jB. Fine Aggregate 

C. Coarse Aggregate 

D. Pul^ble and Cyclopean Aggregate 

JS. Storage of Aggregate 

F. Water 

0, Metal Heinforcement 

V. Proportioning and Mixing Concrete: 

A, Proportioning 

jB. Consistency of Concrete 

C. Mixing 

VI. Depositing Concrete: 

A. Depositing in Air 

jS. Rubble and Cyclopean Concrete 

C. Depositing under Water 

Vtl. Forms 

VIII. Details of Construction: 

A. Metal Reinforcement 

jB. Protective Concrete Covering 

C. Joints 

IX. Water-Proofing and Protective Treatment: 

A, Water-Proofing 

JS. Oil-Proofimg 

C. Concrete in Sea Water 

D. Concrete in Alkali Soils or Water 

X. Surface Finish . . . 

A. Wearing Surfaces 

JS. Decorative Pinishea 

XI. Design : 

A. General Assumptions 

JB. Flexure of Rectangular Reinforced Concrete Beams and Slabs 

C. Flexure of Reinforced Concrete T-Beama 

JO, Diagonal Tension and Shear. 

JS. Bond and Anchorage 

F. Flat Slabs 

G. Reinforced Concrete Columns 

Jff, Footings 

1. Reinforced Concrete Retaining Walls 

J". Summary of Working Stresses 

Figures 


Section 

1 

2 

3-4 


5 

6-12 

13-16 

17-18 

19 

20 

21-26 


27-29 

30 

31-34 


35-44 

45-46 

47-52 

53-59 

60-66 

67-68 

69-76 

77-79 

80 

81-84 

85-88 

89-91 

92-95 

96-102 


103 

104-112 

113-119 

120-134 

136-141 

142-169 

160-171 

172-183 

184-185 

186-197 

pages 078-682 


♦Submitted by the Joint Committee on Standard Specifitjations for Concrete and Reinforced 
Concrete, Aug, 14, 1924. From the Proceedings of the American Society of Civil Engineers, October* 
1924. 
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CHAPTER I 
General Instructions 

1. These specifications cover the general conditions affecting ihe use of concrete and reinforced 
concrete. To use them in connection with the contract it will be necessary for the Engineer to: 

(а) Provide the detail specifications covering the work in particular in which the concrete and rein- 
forced concrete are to be used; 

(б) Section 7, Table 1, insert percentages required; 

(c) Section 10, fill in the blank indicating percentage of mortar strength required of fine aggregate as 
compared with standard Ottawa sand; 

(d) Section 14, Table 2, insert sieve sizes and percentages required; 

(e) Section 21, strike out one of the titles of the specifications for reinforcement bars; if biUet steel 
bars are to be used, indicate whether structural, intermediate, or hard grade; 

(/) Section 24, strike out one of the titles of the specifications for structural steel shapes; 

(g) Section 28, strike out “ volume’^ or “ weight 

(h) Section 29, if no tests of concrete are to be made, strike out the last paragraph in accordance with 
the footnote. In Table 4, insert the concrete strengths which are assumed as the basis for design of the 
different portions of the work; 

(f) Section SO, Table 5, insert the slumps required; 

O') Section 51, strike out the method or methods for depositing concrete under water which are not 
applicable to the work; 

(k) Chapter X, strike out sections on surface finish which do not apply; 

(l) Section 95, strike out one of the two sections on terrazzo finish. 


CHAPTER II 
Deeinitions 

2. The following definitions give the meaning of certain terms as used in these specifications : 

Acid Proofing. — Treatment of a concrete surface in order to provide resistance to the action of acids. 

Aggregate. — Inert material which is mixed with Portland cement and water to produce concrete; 
in general, aggregate consists of sand, pebbles, gravel, crushed stone, or similar materials. (See Fine 
Aggregate; Coarse Aggregate.) 

Anchorage. — The embedment in concrete of a portion of a reinforcement bar, either straight or with 
hooka, designed to prevent pulling out or slipping of the bar when subjected to stress. (The anchor- 
age of tension reinforcement in beams includes only the embedded length beyond a point of contraflexur(i 
or of zero moment.) 

Approved. — Meeting the approval of, or specifically authorized by, the Engineer. 

Buttressed Retaining Wall. — A retaining wall with brackets or buttresses on the side opposite tho 
pressure face uniting the upright section with the too of tho baao. 

Cantilever Retaining Wall. — A reinforced concpeto wall having an upright sootion and a base each of 
which resists by cantilever action tho pressure to which it is subjected. 

Cellular Retaining Wall. A retaining wall with abase, longitudinal upright sections, and a scries of 
transverse walls, dividing the space between tho longitudinal sections into colls which are filled with earth 
or other suitable material. 

Coarse Aggregate. Aggregate, subject to specified tolerances, retained on a No. 4 sieve and of a 
maximum size generally not larger than 3 in. (See Aggregate; Fhie Aggregate. ) 

Column. An upright compression member the length of which exceeds three times its least lateral 
dimension. 

^ Column Capital. An enlargement of the upper end of a reinforced concrete column designed and 
built to act as a unit with the column and flat slab. 

Column Strip.-^A portion of a panel of a flat slab which has a uniform width equal to one-fourth of 
tho panel length perpendicular to the direction of tho strap, and the outer edge of which lies on the edge 
of the panel. (Sec Middle Strip; also, Fig. IS.) 

Composite Column.-^A circumferentially reinforced concrete column with a core of structural steel 
or cast iron which m designed to carry a portion of the load. 
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CoticTBte, A mixture of Portland cement, fine aggregate, coarse aggregate, and water. (See JHortar*) 

Consistency^ A general term used to designate the relative plasticity of freshly mixed concrete or 
mortar. 

Counterforted Retaining WalL — A reinforced concrete wall with brackets or counterforts on the pres- 
sure face uniting the upright section to the heel of the base. 

Crusher-Run Stone . — Unscreened crushed stone. (See Stone Screenings. ) 

Cyclo'pean Concrete. Concrete in which stones weighing more than 100 lb. are individually 
embedded. 

Dead Load. — Weight of the permanent parts of the structure. 

Deformed Rar, Reinforcement bar with shoulders, lugs, or projections formed integrally with the 
bar during rolling. 

Diagonal Direction. — ^A direction parallel or approximately parallel to the diagonal of the panel of a 
flat slab. 

Dropped Panel. The structural portion of a flat slab which is thickened throughout an area 
surrounding the column capital. 

Effective Area of Concrete. — The area of a section of the concrete which lies between the tension rein- 
forcement and the compression surface in a beam or slab. 

Effective Area of Reinforcement. — The area obtained by multiplying the right cross-sectional area, of 
the metal reinforcement by the cosine of the angle between its direction and that for which the effective- 
ness of the reinforcement is to be determined- 

Engineer. — The engineer in responsible charge of the work. 

Pine Aggregate, — Aggregate, subject to specified tolerances, passing through a No. 4 sieve. (See 
Aggregate; Coarse Aggregate.) 

Flat Slab. A concrete slab having reinforcement bars extending in two or more directions without 
beams or girders to carry the load to supporting members. 

Footing. — A structural unit used to distribute wall or column loads to the foundation materials. 

Oravel. — Rounded particles larger than sand resulting from the natural disintegration of rocks. (See 
Sand.) 

Laitance. — Extremely fine material of little or no hardness which may collect on the surface of freshly 
deposited concrete or mortar, resulting from the use of excess mixing water, and usually recognized by 
its relatively light color. 

Live Load. — Loads and forces other than the dead load. 

Middle Strip. — The portion of a panel of a flat slab which extends in a direction parallel to a side of 
the panel, the width of which is one-half the panel length at right angles to the direction of the strip and 
the center line of which lies on the center line of the panel. (See Column Strip; also, Fig. 15.) 

Mortar. — A mixture of Portland cement, fine aggregate, and water. (See Concrete.) 

Negative JRein/orcement.— Reinforcement so placed as to take tensile stress due to negative bending 
moment. 

Oil-Proofing. — Treatment of a concrete surface for the purpose of preventing the penetration of, and 
resisting the action of, oils. 

Panel Length. — The distance in either rectangular direction between centers of two columns of a 
panel. 

Pedestal. — An upright compression member the height of which does not exceed three times itj 
least lateral dimension. 

Pedestal Footing. — A column footing projecting less than one-half its depth from the faces of 
the column on all sides and having a depth not more than three times its least width. 

Plain Concrete. — Concrete without metal reinforcement- 

Portland Cement. — The product obtained by finely pulverizing clinker produced by calcining to 
incipient fusion an intimate and properly proportioned mixture of argillaceous and calcareous materials, 
with no additions subsequent to calcination except water and calcined or uncalcined gypsum. 

Positive Reinforcement. — Reinforcement so placed as to take tensile stress due to positive bending 
moment. 

Principal Design Section. — The vortical sections in a flat slab on which the moments in the rectangulnr 
directions are critical. (Sco Section 143.) 

Ratio of Rein for cement. — The ratio of the effective area of the reinforcement cut by a section of a beam 
or slab to the effective area of the concrete cut by that section. 

Rectangular Direction.— A direction parallel to a side of the panel of a flat slab. 

Reinforced Concrete. — Concrete in which metal is embedded in such a manner that the two matcrialM 
a ot together in resisting forces. 

Rubble Aggregate. — Stone or gravel larger than 3 in. in diameter and weighing not more than 100 lb. 

Rubble Concrete . — Concrete in which pieces of rubble aggregate are individually embedded. (See 
Rubble Aggregate.) 

Sand. — Small grains resulting from the natural disintegration of rocks. (See Gravel.) 

Screen. — A metal plate with closely spaced circular perforations. (See Sieve.) 

Sieve . — 'Woven wire cloth with square openings. (See /Screen.) 

Slump. — The shortening of a standard test mass of freshly mixed concrete, used as a measure of 
workability in accordance with the standard method* 
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Standard Sand . — Natural sand from Ottawa, HI,, screened to pass a No. 20 sieve and retained on a 
No. 30 sieve, used as the fine aggregate in standard strength tests of Portland cement. 

Stone Screenings . — Crushed stone, subject to specified tolerances, passing through a No, 4 sieve 
(See Crusher-Run Stone.) 

Strut . — A compression member other than a column or pedestal. 

Tremie . — A water-tight pipe of suitable dimensions, generally used in a vertical position, 
for depositing concrete under water. 

Wall-Beam . — A reinforced concrete beam which extends from column to column along the outer 
edge of a wall panel. 


CHAPTER III 
Quality op Concrete 

3. Strength . — The design of the various portions of the structure is based on the assumption that the 
concrete will develop the compressive strengths at 28 days, which, for purposes of design only, are given 
in Section 29, Table 4. 

4. Tests of Field Specimens . — The rfiaking, curing, and testing of field concrete test specimens shall 
be carried out in accordance with the “Standard Methods of Making and Storing Specimens of Concrete 
in the Field” (Serial Designation: C31-21) of the American Society for Testing Materials. 

CHAPTER IV . ^ 

Materials* 

A . Portland Cement 

f). Portland Cement . — Portland cement shall conform to the “Standard Specifications and Tests for 
Portland Cement”t (Serial Designation: C9— 21) of the American Society for Testing Materials, and 
subsequent revisions thereof. 


B . Fine Aggregate 

6. General Requirements ^ — Fine aggregate shall consist of sand, or other approved inert materials 
with similar characteristics, or a combination thereof, having clean, hard, strong, durable, uncoated 
grains and free from injuroius amounts of dust, lumps, soft or flaky particles, shale, alkali, organic mat- 
ter, loam, or other deleterious substances. 

7. Grading. — Fino- aggregate shall range in size from fine to coarse within the limits indicated in 
Table 1. 


Table 1. — Grading op Fine Aggregate 


Item 

1 

Percentage 
by weight 

Passing through No. 4 sieve, not less than * . , , 

(а) * 

(б) »K 

(d)Hc 

. ,, u XT crt • / niore than 

Passing through No. 50 sieve < ^ 

not less than 

Weight removed by decantation, not more than 



^ ' * The grading requirements will vary with the type of work and characteristics of materials available 
m any given locality. Wherever practicable the following values should be inserted: (a) »« 85 %- (5) 
« 30 %; (c) « 10 %; (d) - 3 %, ' ' ^ 


8. Sieoe Analysis . — The sieves and method of making sieve analysis shall conform to the “Standard 
Method of Test for Sieve Analysis of Aggregates for Concrete” (Serial Designation: C41~24) of the 
American Society for Testing Materials. 

9. Decantation Test . — The decantation test shall be made in accordance with the “Tentative Method 
of Decantation Test for Sand and Other Fine Aggregates” (Serial Designation: D136-22T) of the Amer- 
ican Society for Testing Materials. 

10. Mortar Strength Test . — Fine aggregate shall be of such quality that mortar briquettes, cylinders, 
or prisms, consisting of one part by weight of Portland cement and three parts by weight of fine aggre- 


* These specifications cover the usual requirements for aggregate. Where concrete having special 
essential the specifications should make clear the characteristics of the aggregate to be used, 
t These sjpeoifications are also the standard of the following: United States Government, American 
Railway Engineering Association American Concrete Institute, Portland Cement Association, and have 
been approved by the American Engineering Standards Committee as ah AmeHOan Standard. 
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gate,* maxed and tested in accordance with the methods described in the “Standard Specifications and 
Tests for Portland Cement** (Serial Designation: C9— 21) of the American Society for Testing IVlaterials, 
will show a tensile or compressive strength at ages of 7 and 28 days not less than . . . t per cent of 
that of 1 :3 standard Ottawa sand mortar of the same plasticity made with the same cement. Concrete 
tests shall be made in accordance with the “ Tentative Methods of Making Compression Tests of Con- 
crete (Serial Designation: C39-21T) of the American Society for Testing Materials. 

11. Organic Impurities in Sand . — Sand when tested in accordance with the “Standard Method of 
Test for Organic Impurities in Sands for Concrete*’ (Serial Designation: C40-22) of the American 
Society for Testing ’Materials shall show a color not darker than the standard color unless it complies 
with Section 10. 

12. Permissible Variations . — Pine aggregate which does not conforna tO the above reQuirements for 
grading, mortar strength, or color, may be used only when approved by the Engineer and then in such 
proportions as he may require. 


C. COABSS AGaBBGATB 

13. General Requirements . — Coarse aggregates shall consist of crushed stone, gravel, or other 
approved inert materials with similar characteristics or combinations thereof, having clean, hard, strong, 
durable, un coated particles free from injurious amounts of soft, friable, thin, elongated or laminated 
pieces, alkali, organic, or other deleterious matter. 

14. Grading . — Coarse aggregate^ shall range in size from fine to coarse within the limits given in 
Table 2. 

Table 2. — Size and Grading op Coarse Aggregate 


Passing 

Percentage 
by weight 

.... * in. sieve (maximum size) 

Not less than 95 
/ Not less than. ... * 
\ Not less than 

Not more than 10 
Not more than 5 

.... * in. sieve (intermediate size) 

No. 4 sieve 

No. 8 sieve 



* The Engineer must insert in these blanks the sizes and percentages required with regard to 
materials available. The following table indicates desirable gradings for coarse aggregates of certain 
nominal maximum sizes: 


Nominal 
maximum 
size of 
aggregate 
in inches 

Percentage by weight passing through standard 
sieves with square openings 

Percentage passing 
not more than: 

3 in. 

2 in. 

IJ.'S in. 





No. 8 
sieve 

3 

95 


40-75 





5 

2 


95 


40-75 




5 

W 



95 


40-75 



5 

1 




95 




5 






95 



5 



•• 




95 


5 


15. Sieoe Sizes . — The test for size and grading of aggregate shall be made in accordance with the 
Standard Method of Test for Sieve Analysis of Aggregates for Concrete” (Serial Designation: C14-24) 

of the American Society for Testing Materials. 

16. Permissible Variations . — Coarse aggregate § which does not conform to the above requirements, 
may be used only when approved by the Engineer and then in such proportions as he may require. 

* In testily aggregate, care should be exercised to avoid the removal of any coating on the 
which may a:^ot me strength. Sand should not be dried before being made_ into mortar, but shoTild 
contain its natural moisture. The quantity of water contained may be determined on a separate sample 
and the weight of the sand used in the test corrected accordingly. 

t This percentage must be inserted by the Engineer; it should preferably be 100. 

t On work of considerable magnitude where several suitable coarse aggregates are available, an inves- 
tigation of the relative economy of each is advisable. , , , , . , 

5 Hequirementa for the quality of coarse aggregate for special purposes should be inserted. 
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D, Rubble and Cyclopean Aggregate 

17, Rubble Aggregate . — Rubble aggregate shall consist of clean, hard, durable* stono or gravel larger 
than 3 in. and weighing not more than 100 lb. 

18. Cyclopean Aggregate . — Cyclopean aggregate shall consist of clean, hard, durable stone weighing 
more than 100 lb. 


B . Storage op Aggregate 

19. Storage of Aggregate . — Aggregate shall be so stored as to avoid the inclusion of foreign materials. 
Frozen aggregate or aggregate containing lumps of frozen material shall be thawed before using. 

F. Water 

20. General Requirements . — Water for concrete shall be clean and free from injurious amounts of oil, 
acid, alkali, organic matters, or other deleterious substance. 

G. Metal Reinforcement 

^ 21. Quality . — Metal reinforcement shall meet the requirements of the : 

“Standard Specifications* for Billet-Steel Concrete Reinforcement Bars'^ . . . *Grade (Serial 
Designation: A15— 14) of the American Society for Testing Materials. 

“Standard Specifications* for Rail-Steel Concrete Reinforcement Bars" (Serial Designation: 
A16-14) of the American Society for Testing Materials, except that tbe provision for machining 
deformed bars before testing shall be eliminated. 

22. Standard Sizes of Bars , — Reinforcement bars shall conform to the areas and equivalent sizes 
shown in Table 3. 


Table 3. — Sizes and Areas op Reinforcement BaR8§ 


Size of bar, in inches 

Area, in square 
inches 

Round 

bar 

Square 

bar 

% 

0.1X0 



0.190 

0,250 



% 

0.300 

^ 

0.441 


74 

O.OOl 


1 

0.785 

1.000 


1.205 



l}4 


1.562 




§ The Joint Conference of Representatives of Manufacturers, Distributors, and Users of Concrete 
Reinforcement Bars held in the Department of Commerce, Washington, D. C., Sojpteinber 9, 1924. 
unanimously adopted the areas and sizes of reinforcement bars in Table 3, with the addition of the in., 
round bar, 0.049 sq. in.; to become effective as applying to new production, January 1, 1923; every 
effort to be inadb to clear current orders and existing stocks of elimiaatod areas b(fforo March 1, 1926. 

23. Deformed Bars . — An approved doformod bar shall bo one that will develop a bond at least 25 % 
greater than that of a plain round bar of equivalent cross-sectional area.t The areas of deformed bars 
shall be determined by tho minimum cross-section thereof. 

24. Structural Shapes . — Structural steel shapes used for reinforcement shall conform to the require- 
ments of the: 

“Standard Spocificationst for Structural Steel Bridges^” (Serial Designation: A7-'24) of the 
American Society for Testing Materials. 

“Standard Specifications J for Structural Steel for Buildings" (Serial Designation; A9-24) of tho 
American Society for Testing Materials- 

25. Wire . — Wire for concrete reinforcement shall conform to tho Requirements of tho “ Tentative 
Specifications for Cold-Drawn Steel Wire for Concrete Reinforcement*^ (Serial Designation: A82--21T) 
of the American Society for Testing Materials. 

* The Engineer must strike out one of these titles. The Committee recommends, as preferr<*d 
material for reinforcement, that meeting^ the req^uirements of the “Standard Specifications for Billet- 
Steel Concrete Reinforcement Bars" of intermediate ^ade, made by the open-hearth process, except 
that the provisions for machining the test si^ecimens shall be eliminated. 

t The Committee has under consideration a specification for deformed bars, but is not prepared at 
this time to make more definite recommendations. 
t The Engineer must strike out one of these titles. 
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26. Cast Iron. Cast iron used m composite columns shall conform to the requirements of the 
Standard Specifications for Cast-Iron Pipe and Special Castings” (Serial Designation: A44— 04) of the 
American Society for Testing Materials. 


CHAPTER V 

Pbopobtioning and Mixing Concbbte 
A. Propohtioning 

27. Unit of measure. The unit of measure shall be the cubic foot. Ninety-four (94) pounds 
of Portland cement (one bag or 3’^ bbl.) shall be considered as one (1) cubic foot. 

2S. m easurement of A{jgregates. The method of measurement shall be such as to secure the specified 
proportions in each batch. The aggregate shall be measured separately by yolume^ weight- 1 

In volume measurement the fine aggregate and the coarse aggregate shall be measured loose, as 
t hrown into the measuring device, and struck off. ^ The water shall be so measured as to insure the 
desired quantity in successive batches. 

29. Proportions . — Concrete shall be mixed in the proportions indicated in Table 4. 

Variations in the grading of the aggregates, on which the proportions were based, may be made upon 
the approval of the Engineer and in such proportions as he may direct (Sections 3 and 14), but no claim 
shall be made for extra compensation therefor. 


Table 4. — Proportions for Concrete'** 


Part of structure 

Proportions by volume 

Concrete strength f 
assumed as basis 
for design, in pounds 
per square inch 
at 28 days 

Cement 

Fine 

aggregate 

Coarse 

aggregate 

Footings 





J 

t 

t 

t 

t 

t 

Hearns, girders, slabs 



Columns. 









- . - . 






* The Engineer should determine, by tests of the available aggregate in advance of use, the propor- 
tions nciocissary to produce concrete of the required strength. Where this is impracticable, Appendix 
XVI may _bo used as a guide. ^ Appendix XVI is based on volumes of dry aggregate compacted 
by rodding in the measure, as specified in “Standard Method of Test for Unit Weight of Aggregate for 
Concrete,” see Appendix XV. Corrections should be made in the quantities in Appendix XVI to take 
account of the bulking effect of moisture in the fine aggregate. The bulking (swelling) of fine aggregate 
due to contained moisture and the method of placing it in the measure, may result in a reduction of 25 % 
in the actual quantity of fine aggregate, as compared with that obtained by dry measurement by the 
standard method. 

t The measure of the quality of concrete is its workability, as determined by the slump test, or other 
approved test, and its compressive strength of 28 days, using tnc materials in the proportions specified. 
t Concrete strengths to be used as basis for design to bo filled in by the Engineer. 


Tho Engineer shall have the right to make any changes in proportions or materials that may be 
n<*eeasary or desirable, and proper adjustment of compensation will be made in accordance with the 
l>r<> visions of the contract. 

In general, tho quantity of watorj used shall be the minimum necessary to produce concrete of a 
workability specified in Table 5. 

Frequent tosts^ shall bo made throughout tho work, as directed by the Engineer, to determine 
whether tho concrete produced by the proportions given in Table 4 is of the quality specified. These 
tests shall bo made in accordance with Section 4 and at the expense of the owner. The Contractor shall 
provide such facilities as may be practicable for carrying out the tests, and shall cooperate in every way 
to the end that concrete of the desired quality shall be obtained. 


1 The Engineer must strike out one of these terms. 

* The volume of fine aggregate is affected by the method of measurement and by the moisture 
content; corrections should be made, when necessary, to maintain the required proportions; see, also, 
footnote to Table 4. , , . j 

» If no teste are to be made on concrete from available materials, or on the concrete mixed during the 
work, this paragraph must be omitted. 
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B . Consistency of Concrete 

30. Conatstency . — The quantity of water useH shall be the minimum necessary to produce concrete 
of a workability required by the Engineer, t The consistency of the concrete shall be measured by the 
slump test as described in “Tentative Method of Test of Consistency of Portland-Cement Concrete for 
Pavements or for Pavement Base’* (Serial Designation: D138-22T) of the American Society for Testing 
Materials. The slump for the different types of concrete shall not be greater than that indicated in 
Table 5, unless authorized by the Engineer. 

The consistency shall be checked from time to time during the progress of the work. 


Table 5. — Workability of Concrete and Mortar 


Types of concrete and mortar 

Maximum slump, 
in inches 

Mass concrete 


Reinforced concrete; 

(a) Thin vertical sections and columns . . . ... 

* 

(£>) Heavy sections , . . . 

* 

(c) Thin confined horizontal sections ’ 

* 

Roads and pavement: 

(a) Hand-finished 

♦ 

(6) Machine-finished 

* 

Mortar for floor finish 

* 




* The Engineer must insert the maximum slumps permitted- The slump-test requirement is 
intended to insure concrete mixed with the minimum quantity of water required to produce a plastic 
mixture. The following table indicates the maximum slump desirable for the various types of concrete, 
based on average aggregates and proportions: 


Types of concrete and mortar 

Maximum slump, 
in inches 

Mass concrete 

3 

Reinforced concrete: 

(a) Thin vortical sections and columns 

6 

(b) Heavy sections 

3 

(o) Thin confined horizontal sections 

8 

Roads and pavements: 

(a) Hand-finished 

3 

(b) Machine-finished. 

1 

Mortar for floor finish 

2 




C. Mixing 

31. Machine- Mixing . — The mixing of concrete, unless otherwise authorized by the Engineer, shall 
be done in a batch mixer of approved type which will insure a uniform distribution of the materials 
throughout the mass, so that the mixture is uniform in color and homogeneous. The mixer shall be 
equipped with suitable charging hopper, water storage, and a water-measuring device controlled from a 
case which can be kept locked and so constructed that the water can be discharged only while the mixer 
is being charged. It shall also be equipped with an attachment for autoiuatically locking the discharge 
lever until the batch has been mixed the required time after all materials arc in the mixer. The entire 
contents of the drum shall be discharged before recharging. The mixer shall bo cleaned at frequent 
intervals while in use. The volume of the mixed material per batch shall not exceed the manufacturer’s 
rated capacity of the mixer. 

32. Time of Mixing . — The mixing of each batch shall continue not less than 1 min. after 
all the materials are in the mixer, during which time the mixer shall rotate at a peripheral speed of about 
200 ft. per min. 

33. Band- Mixing .^ — When hand-mixing is authorized by the Engineer it shall be done on a water- 
tight platform. The cement and fine aggregate shall first be mixed dry until the whole is of a uniform 
color. The water and coarse aggregate shall then bo added and the entire mass turned at least three (3) 
times, or until a homogenerous mixture of the required consistency is obtained. 

34. Retempering . — The retempering of concrete or mortar which has partly hardened, that is, remixing 
with or without additional cement, aggregate, or water, will not be permitted. 

^ called to^ the fact that increased workability may be obtained by decreasing the 

quantity of coarse aggregate m the batch, without increasing the quantity of mixing water. 
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CHAPTER VI 
Depositing Concrete 
A . Depositing in Air 

35. GeneTaL^~^QiOiT& beginning a run of concrete, hardened concrete and foreign materials shall be 
removed from the inner surfaces of the mixing and conveying equipment. 

30. Approvals Before depositing concrete, d 6 bria shall be removed from the space to be occupied by 
concrete; forms shall be thoroughly wetted (except in freezing weather), or oiled. Reinforcement shall 
be thoroughly secured in position and approved by the Engineer. 

37. Handling. Concrete shall be handled from the mixer to the place of final deposit as rapidly as 
practicable by methods which prevent the separation or loss of the ingredients. It shall be deposited 
in the forms as nearly as practicable in its final position to avoid rehandling. It shall be so deposited as 
to maintain until the completion of the unit, a plastic surface approximately horizontal. Forms for 
walls or other thin sections of considerable height shall be provided with openings, or other devices, that 
will permit the concrete to be placed in a manner that will avoid accumulations of hardened concrete on 
the forms or metal reinforcement. Under no circumstances shall concrete that has partly hardened be 
deposited in the work. 

38. Chuting. When concrete is conveyed by chuting, the plant shall be of such size and design as to 
insure a practically continuous fiow in the chute. The angle of the chute with the horizontal shall be 
such as to allow the concrete to flow without separation of the ingredients.* The delivery end of the 
chute shall be as close as possible to the point of deposit. When the operation is intermittent, the spout 
shall discharge into a hopper. The chute shall be thoroughly flushed with water before and after each 
run; the water used for this purpose shall be discharged outside the forms. 

39. Compacting, Concrete, during and immediately after depositing, shall be thoroughly compacted 
by means of suitable tools. For thin walls or inaccessible portions of the forms, where rodding or fork~ 
ing is impracticable, the concrete shall be assisted into place by tapping or hammering the forms oppo- 
site the freshly deposited concrete. The concrete shall be thoroughly worked around the reinforcement, 
and around embedded fixtures, and into the corners of the forms. 

40. Removal of Waicr,— Water shall be removed from excavations before concrete is deposited, 
unless otherwise directed by the Engineer. Any flow of water into the excavation shall be diverted 
through proper side-drains to a sump, or be removed by other approved methods which will avoid wash- 
ing the freshly deposited concrete. Water vent pipes and drains shall be filled by grouting, or otherwise, 
after the concrete has thoroughly hardened. 

41. Protection. — Exposed surfaces of ooncret*e shall be protected from premature drying for a period 
of at least seven (7) days after being deposited. 

42. Temperature of Concreie.— Concrete when deposited shall have a temperature of not less than 
40® Fahr., nor more than 120® Fahr. In freezing weather suitable means shall be provided for maintain- 
ing the concrete at a temperature of at least 50® Eahr. for not less than 72 hours after placing, or until 
the ooncroto has thoroughly hardened. The methods of heating the raaterials and protecting the con- 
crete shall bo approved by the Engineer. Salt, chemicals, or other foreign materials shall not be mixed 
with the concrete for the purpose of preventing freezing, unless approved by the Engineer. 

43. Depositing Continuously. — Concrete shall be deposited continuously and as rapidly as practic- 
able until the unit of operation, approved by the Engineer, is completed. Construction joints at points 
not provided for in the plans shall be made in accordance with the provisions in Section 69. 

44. Bonding. — Before depositing new concrete on or against concrete which has set, the forms shall 
bo re-tightened, the surface of the set concrete shall be roughened as required by the Engineer, 
thoroughly cleaned of foreign matter and laitance, and saturated with water. The new concrete placed 
in contact with hardened or partly hardened concrete, shall contain an excess of mortar to insure bond. 
To insure this excess mortar at the juncture of the hardened and the newly deposited concrete 
the cleaned and saturated surfaces of the hardened concrete, including vertical and inclined surfaces, 
shall first bo slushed with a coating of neat cement grout against which the new concrete shall be placed 
before the grout has attained its initial set. 

B. Rubble ani> Cyclopean Concrete 

45. RuhhU Concrete,^ — Rubble aggregate shall be thoroughly embedded in the concrete. The 
individual stones 8 h 19 .ll not be olosep-to any surface or adjacent stone than the maximum size of the coarse 
aggregate plus 1 in. Each successive layer of concrete shall be keyed in accordance with the provision 
in Section 69. 

46. Cyclopean Concrete. — Cyclopean aggregate shall be thoroughly embedded in the concrete; no 
stone shall be closer to a finished surface than 1 ft., nor closer than 6 in. to any adjacent 
stone. Stratified stone shall bo laid on its natural bed. 

* An angle of 27®, or one vertical to two horizontal, is the minimum slope which is considered per- 
missible. Chuting through a vertical pipe is satisfactory when the lower end of the pipe is maintained 
as nearly as practicable, to tho surface of deposit and the pipe full. 
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C. Depositing under Water* 

47. General— methods, equipment, and materials to be used shall be submitted to and 
be approved by the Engineer before the work is started. Concrete shaU be deposited hy a method that 
will prevent the washing of the cement from the mixture, minimize the formation of laitance, and avoid 
flow of water until the concrete has fully hardened. Concrete shall be placed so as to mimmize segrega- 
tion of materials. Concrete shall not be placed in water having a temperature below 35 Fahr. 

48. Proportions. — Concrete to be deposited under water shall contain bbl. (7 bags) or more of 
Portland cement per cubic yard of concrete in place. 

49. Coffer-Dams.— Co&eT-deixn& shaB be sufficiently tight to prevent flow of water through the apace 
in which the concrete is to be deposited. Pumping will not be permitted while concrete is being 

deposited, nor until it has fully hardened. ^ 

50. Depositing Continuously. — Concrete shall be deposited continuously, keeping the top surface as 
nearly level as possible, until it is brought above the water, or to the required height. The work shall 

' be carried on with sufficient rapidity to prevent the formation of layers. 

51. Method. — The following methodt shall be used for depositing concrete under water: 

Tremie.— The tremie shall be water-tight and sufficiently large to permit a free flow of concrete. It 

shall be kept filledi: at all times during depositing. The concrete shall be discharged and spread by 
raising the tremie in such manner as to maintain as nearly as practicable a uniform flow and avoid drop- 
ping the concrete through water. If the charge is lost during depositing the tremie shall be withdrawn 

and refilled. .... 

Drop-Bottom Bucket. — The bucket shall be of a type that cannot be dumped until it rests on the 
surface upon which the concrete is to be deposited. The bottom doors when tripped shall open freely 
downward and outward. The top of the bucket shall be open. The bucket shaU be completely filled, 
and slowly lowered to avoid back-wash. When discharged, t' -e bucket shall be withdrawn slowly until 
well above the concrete. 

Bags. — Bags of jute or other coarse cloth shall be filled about two-thirds full of concrete and 
carefully placed by hand in a header-and-stretcher system so that the whole mass is interlocked. 

52. Laitance . — Great care shall be exercised to disturb the concrete as little as possible when it is 
being deposited in order to avoid the formation of laitance. On completing a section of concrete, the 
laitance shall be entirely removed before work is resumed. 

CHAPTER VII 
Forms 

53. General. — Forms shall conform to the shape, lifies, and dimensions of the concrete as called for 
on the plans. Lumber used in forms for exposed surfaces shall be dressed to a uniform thickness, and 
shall be free from loose knots or other defects. Joints in forms shall be horizontal or vortical. For 
unexposod surfaces and rough work undressed lumber may be used. Lumber once used in forma shall 
have nails withdrawn and surfaces to be in contact with concrete thoroughly cleaned before being used 
again. 

54. Design. — Forms shall be substantial and sufficiently right to prevent leakage of mortar; they 
shall be properly braced or tied together so as to maintain position and shape. If adequate foundation 
for shores cannot be secured, trussed supports shall bo provided. 

55. Workmanship. — Bolts and rods shall preferably bo used for internal tics; they shall bo 
so arranged that when the forms are removed no metal shall bo within 1 in. of any surface. Wire ties 
will be permitted only on light and unimportant work; they shall not be used through surfaces where 
discoloration would be objectionable. Shores supporting successive stories shall bo placeid directly over 
those below, or so designed that the load will bo transmitted directly to them. Forms shall bo set to 
line and grade and so constructed and fastened as to produce true lines. Special care shall be used to 
prevent bulging. 

56. Mouldings. — Unless otherwise specified suitable mouldings or bevels shall bo placed in the angle's 
of forma to round or bevel the edges of the concrete. 

67- Oiling. — The inside of forms shall bo coated with non-staining mineral oil or other approvetl 
material, or thoroughly wetted (except in freezing weather). Whore oil is used, it shall bo applied before 
the'reinforcement is placed, 

* Concrete should not bo deposited under water if practicable to deposit in air. ^ There is always 
uncertainty as to results obtained from placing concrete under water. Where conditions permit, the 
additional expense and delay of avoiding this method will be warranted. It is especially important that 
the aggregate be free from loam and other material which may cause laitance. washed aggregates arc 
preferable. Coarse aggregate consisting of washed gravel of a somewhat smaller size than that used in 
open-air concrete work will give best results. Concrete should never be deposited under water without 
experienced supervision. Many failures, especially of structures in sea water, can be traced directly to 
ignorance of proper methods or lack of expert supervision. 

f The Engineer must strike out the method or methods not applicable to the work. 

t The tremie may be filled by one of the following methods: (1) Flace the lower end in a box partly 
filled with concrete, so as to seal the bottom, then lower into position; (2) plug the tremie with cloth 
sacks or other material, which will be forced down as the pipe is filled with concrete; (3) plug the end of 
the tremie with cloth sacks filled with concrete. 
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58. Inspection. Temporary openings shall be provided at the base of column and wall forms and 
at other points where necessary to facilitate cleaning and inspection immediately before depositing 
concrete. 

59. Removal. Forms shall not be disturbed until the concrete has adequately hardened.'*^ Shoring 
shall not be removed until the member has acquired sufficient strength to support safely its weight and 
the load on it. Members subject to additional loads during construction shall be adequately shored to 
support both the member and construction loads in such a manner as will protect the member from 
damage by the loads; this shoring shall not be removed until the member has acquired sufficient strength 
to support safely its weight and the load on it. 


CHAPTER vrir 


Details op Construction 
A . Metal Reinporcement 

60. Cleaning. Metal reinforcement, before being positioned, shall be thoroughly cleaned of mill and 
rust scale and of coatings that will destroy or reduce the bond. Reinforcement appreciably reduced in 
section shall be rejected. Where there is delay in depositing concrete, reinforcement shall be reinspected 
and, when necessary, cleaned, 

61. Bending. — Reinforcement shall be carefully formed to the dimensions indicated on the plans, or 
as provided in Section 140. Cold bends shall be made around a pin having a diameter of four (4) or 
more times the least dimension of the reinforcement bars for steel of structural grade and eight (8) or 
more times that for steel of intermediate or hard grade. 

62. Straightening. Metal reinforcement shall not be bent or straightened in a manner that will injure 
the material. Bars with !knnks or bends not shown on the plans shall not be used. Heating of reinforce- 
ment will bo permitted only when the entire operation is approved by the Engineer. 

63. P/<ictn(7.— Metal reinforcement shall be accurately positioned, and secured against displacement 
by using annealed iron wire of not less than No. IS gauge, or suitable clips at intersections, and shall be 
supported by concrete or metal chairs or spacers, or metal hangers. The minimum clear distance be- 
tween parallel bars shall be one and one-half (IH) times the diameter of round bars, or one and one-half 
(IJ-'i) times the diagonal of square bars; if the ends of bars are anchored as specified in Section 140, the 
clear spacing may be made equal to the diameter of round bars, or to the diagonal of square bars, but in 
no case shall the spacing between bars be less than 1 in., nor less than one and one-quarter (1^^) times 
"the maximum size of the coarse aggregate. Bars parallel to the face of any member shall be embedded 
a clear distance of not less than one (1) diameter from the face. 

64. Splicing. — In slabs, beams, and girders, splices of reinforcement shall not be made at points of 
maximum stress without the approval of the Engineer. Splices, where permitted, shall provide suffi- 
cient lap to transfer the stress between bars by bond and shear. In such splices the bars shall be placed 
at the minimum distance specified in Section 63; adjacent bars shall not be spliced at the same point. 

Splices in columns, piers, and struts shall provide sufficient lap to transfer the stress by bond. 

05. Offsets in Reinforcement of Coynpressing Members. — Where changes in the cross-section of a com- 
pression member oocur, the longitudinal reinforcement bars shall be sloped for the full length of the 
member, or offset in a region whore lateral support is afforded. Where offset, the slope of the inclined 
portion from the axis of the member shall not be more than 1 in 0. 

66. Future Bonding. — Exposed reinforcement bars intended for bonding with future extensions shall 
bo protected from corrosion. 


B . Protective Concrete Covering 

i\7. Moisture Protection. — Metal reinforcement in wall footings and column footings shall have a 
minimum covering of 3 in. of concrete. At surfaces of concrete exposed to the weather, metal reinforce- 
ment shall be protected by not less than 2 in. of concrete. 

08. Fire Protection. — Metal reinforcement in firo-rosistive construction shall be protected by not less 
than 1 in. of concrete in slabs and walls, and not less than 2 in. in beams, girders, and columns, provided 
aggregate showing an expansion not materially greater than that of limestone or trap-rock is used; when 
impracticable to obtain aggregate of this grade, the protective covering shall be 1 in. thicker and shall 
be reinforced with metal mesh, having openings not exceeding 3 in,, placed 1 in. from the finished surface. 

In structures where the fire hazard is limited, the metal reinforcement shall not be placed nearer the 
exposed surface than ^4 in. in slabs and walls, or 1)-^ in. in beams, girders, and columns. 

^ Many conditions affect the hardening of concrete, and the proper time for the removal of the forms 
should be determined by the Engineer. 
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C. Joints 

69. General, — Joints not indicated on the plans shall be so designed and located as least to impair 
the strength and appearance of the structure. To prevent laitance in horizontal joints, excess water 
shall be removed from the surface forming the joint after depositing the concrete. Surfaces of contact 
shall be cleaned and wetted before depositing is resumed, and any laitance shall be removed. Where 
additional resistance to horizontal shear is required, stones shall be partly embedded in such a manner as 
to key ^vith the adjoining concrete; or mortices or keys shall be formed in the concrete. 

70. Columns. — Joints in columns shall be made at the under side of the floor. Haunches and column 
capitals shall be considered as part of, and to act continuous with the floor. At least two (2) hours must 
elapse after depositing concrete in the columns or walls before depositing in beams, girders, or slabs. 

71. Floors. — Construction joints in floors shall be located near the middle of span of slabs, beams, or 
girders, unless a beam intersects a girder at this point, in which case the joints in the girders shall bo 
offset a distance equal to twice the width of the beam. Adequate provision shall be made for shear by 

use of inclined reinforcement. _ ^ ^ r 

72. Construction Joints in JL/ong Buildings. — Construction joints made cross-wise of a building 100 ft, 
or more in length, shall have special reinforcement placed at right angles to the joint, and extending a suffi- 
cient distance on each side of the joint, to develop the strength of the reinforcement by bond. This 
reinforcement shall be placed near the opposite face of the member from the main tension reinforcement ; 
the cross-sectional area of such reinforcement shall be not less than 0.5 % of the section of the members 
cut by the joint. 

73. Expansion Joints. — Expansion joints shall be so detailed that the necessary movement 
may occur with minimum resistance at the joint. The structure adjacent to the joint shall preferably 
be supported on separate columns or walls. Heinforcement shall not extend across an expansion joint ; 
the break between the two sections shall be complete.* Exposed edges of expansion joints in walls or 
abutments shall be rounded. Exposed expansion joints between two distinct concrete members 
shall be filled with an elastic joint filler of approved quality. 

74. Expansion Joints in Long Buildings. — Buildings exceeding 200 ft. in length and of width les-s 
than about one-half (>" 2 ) the length, shall be divided by means of expansion joints, located near the mid- 
dle, but not more than. 200 ft. apart, to minimize the destructive effects of temperature changes 
and shrinkage. Where there is an abrupt change in the width of a building, an expansion joint shall bo 
provided. 

75. Sliding Joints. — The seat of sliding joints shall be finished to a smooth plane surface and allowed 
to harden. Two thicknesses of building paper shall be placed on the seat before depositing superimposed 
concrete, f 

76. Water-Tight Construction Joints. — Where construction joints are required to be water-tight the 
method of construction shall be as follows: 

(a) Horizontal joints shall be constructed by forming a continuous key way in the lower portion 
of concrete before the concrete has hardened. Before placing the superimposed concrete, the 
joint shall be thoroughly cleaned of laitance or other foreign material, saturated with water, and 
coated with neat cement grout. The superimposed concrete shall bo placed in such a manner as 
will insure an excess of mortar over the entire surface of the joint. 

(b) Vertical joints shall be made by a metal water-stop approved by the Engineer. 

Seepage water shall be collected and drained from the forms; where required, vent pipes shall be 
closed after the concrete has thoroughly hardened, t 

CHAPTER IX ' 

Water-Proofing and Protective Treatment 
A . Water-Proofing 

77. General. — Concrete required to bo water-tight shall bo made with strict adherence to all 
provisions in these specifications regarding the choice of materials, proportions, consistency, mixing, 
placing, protecting, and workmanship. 

78. Integral Compounds. — Integral compounds shall not be used for water-proofing unless specifically 
authorized by the Engineer. 

79. Water-Tight Joints. — See Section 70. 

B. Olli-PBOOFING 

80. Oil-Proofing. — Concrete containers for light mineral oils, animal oils, certain vegetable oils, and 
other commercial liquids shall be given an inside coating which shall be applied before the container is 

* A coating of white lead and oil, asphalt paint, petrolatum, or water-proofed building paper placed 
over the entire surface of the hardened concrete, is commonly used for this purpose. 

t Sheet zinc, lead, and bronze are also used for this purpose, 

t To secure water-tight joints it is vitally essential that all incoming, water be drained from behind 
the forma during the process of concreting. If the upper portion of the joint is concreted first, a metal 
water-stop should be provided as directed oy the Engineer. 
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placed in service; the coating and the method of application shall be approved by the Engineer*. Floors 
or other surfaces exposed to heavy concentrations of such oils or liquids shall be similarly protected. 

C, Concrete in Sea Water 

81. Proportions . — Plain concrete in sea water from 2 ft. below low water to 2 ft. above high water* or 
from a plane below to a plane above wave action, shall contain a minimum of 1^^ bbl. (7 bags) of Port- 
land cement per cubic yard in place. Other plain concrete in sea water or exposed directly along the sea 
coast shall contain a minimum of 13-2 bbl. (6 bags) of Portland cement per cubic yard in place. 
Porous or weak aggregates shall not be used. 

82. Consistency, — The consistency shall meet the requirements of Section 30. 

83. Depositing , — Sea water shall not be allowed to come in contact with the concrete until it has 
hardened for at least four (4) days. Concrete shall be placed in such a manner as to mini- 
mize the number of horizontal or inclined seams or work planes. The placing of concrete between tides 
shall be a continuous operation, in accordance with the methods described in Section 43; where it is 
impossible to avoid seams or joints proceed as in Section 44. Concrete shall be deposited in sea water 
only when so directed by the Engineer, in which case it shall be placed in accordance with the methods 
described in Sections 47 to 52. 

84. Protection. — Metal reinforcement shall be placed at least 3 in. from any plane or curved srurface 
except at corners when it shall be at least 4 in. from adjacent surfaces. Metal chairs, supports or ties 
shall not extend to the surface of the concrete. Where unusually severe conditions of abrasion are 
anticipated, the face of the concrete from 2 ft. below low water to 2 ft. above high water, or from a plane 
below to a plane above wave action, shall he protected by creosoted timber, dense vitrified shale brick, 
or stone of suitable quality, as designated on the plans or as required by the Engineer. 

D. Concrete in Alkaei Soils or WATERsf 

85. Proportions. — Concrete in alkali waters or below the ground-line of alkali soils shall contain a 
minimum of 1^4 bbl. (7 bags) of Portland cement per cubic yard in place. $ 

86. Consistency. — The consistency of concrete in alkali soils or waters shall be such as to meet the 
requirements of Section 30. 

87. Placing, — Concrete shall be placed in such, a manner as to minimize the number of horizontal or 
inclined seams, or work planes. 

88. Protection. — Metal reinforcement or other corrodible metal shall not be placed closer than 2 in 
to the surface of members exposed to alkali soils or waters. In foundations and in heavy structures the 
metal reinforcement shall not be placed closer than 3 in. from the surface. 


CHAPTER X 


Surface Finish § 

89, General . — The requirements in these specifications applying to forms, and to mixing, conveying, 
depositing, and finishing concrete, shall be followed unless modified by the plans. 

The whole of a showing face between prescribed construction joints shall be cast in one continuous 
operation. Construction joints, when not shown on the plans, shall be made as directed by the Engi- 
neer, and shall be true to lino with sharp unbroken edges. 

The same brand of cement, and the same kind and size of aggregate, shall be used throughout the 


whole of any showing face. 

For showing faces the forms shall be smooth and water-tight. If wood be used, the boards shall be 
planed, grooved, and tongued, evenly matched, and tightly placed. They shall be so constructed as to 


* Concrete containers for mineral oils of 30® Baum6 and lighter should be given a coating which will 
not be affected or penetrated by mineral spirits. Coatings containing ingredients which saponify or 
oxidize in the presence of lime shall bo applied only to a surface which has previously been treated to 
neutralize the lime. , . 

Concrete oontainers for mineral oils heavier than 30® Baum6 require no coating. 

Certain vegetable and animal oils and strong acids afid alkaline solutions have a destructive effect 
on concrete and some protective treatment is required. Several vegetable oils have a disintegrating 
effect on concrete in cases where the surface is alternately wot and dry, yet when stored in closed con- 


crete containers have no injurious action. 

Concrete oontainers for commercial liquids involve certain special features in addition to the generm 
requirements of good concrete. Containers for such liquids often have thin sections, therefore a rich 
mixture is necessary to obtain concrete of proper workability without sacrificing strength and imperme- 
ability; it ia especially necessary to eliminate joints or seams; thorough spading is essential and should 
bo continuous during the placing of concrete. ^ k n i-,, - 

t Under certain circumstances concrete is attacked by alkaline waters. The term alkali la hero 
used to designato the soluble salts which occur in considerable quantities in the soils and waters of certain 
Western States; the sulphates, chlorides, and carbonates of sodium and magnesium are the most common 

It is important to distinguish between the different forms of alkali which occur in Nature. 
Experience and tests have shown that certain forms are more injurious than others; the chlorides and 

carbonates produce little or no injury to concrete. , , ^ 

Specif care must be used in placing concrete where it will be exposed to sulphate waters. 
An impermeable concrete made with a durable aggregate is necessary. Concrete should be permit^a 
to harden under favorable conditions before it is exposed to injurious alkalies, and wherever practicable 
such concrete should be made in the form of precast units. ^ ^ t.- v 

t Where the foundations of important buildings or similar structures are subject to high con- 
centrations of alkalies, under-drainage may be used as an added precaution. 

§ The Engineer should indicate on the plans the type of finish desired and must strike out the sections 
which do not apply. 
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Toe reraovable in sections by unscrewing or otherwise loosening them without hammering or 
prying against the face. Any offsets in the forma that may occur shall be smoothly dressed and any 
openings pointed flush with stiff clay or plaster of Paris in order to prevent leakage or the formation of 
fins. 

Concrete that is to have a showing face, whether any particular finish is called for or not, shall be 
mixed, placed, and worked as may be necessary to secure at the face a uniform distribution of the aggre- 
gates, freedom from void spaces, and uniform texture. If the finish is required to be one that will expose 
the coarse aggregate, by either scrubbing, tooling, sand-blasting, or acid treatment, then after the full 
surface of mortar has been worked against the form, the spading tool shall be inserted in the concrete and 
the coarse aggregate be pressed against the form, m order to secure uniform distribution at the face and 
a uniform texture after the aggregate is exposed. 

Face forms shall be removed as soon as practicable in order to facilitate effective repair of void spaces 
or broken corners, before the surface has dried. Care shall be taken to avoid roughening or injuring 
corners, and to keep edges sharp. 

As soon as the face forms are removed any fins or other projections shall bo carefully romovod, and 
offsets leveled, and any voids or damaged places shall immediately be saturated with water and filled 
with a mixture of the same composition as that used in the surface, and brought even with the surface by 
means of a wooden spatula or float. A steel trowel shall not be used to finish the surface. The face 
shall be finished free from streaks, discolorations, or other imperfections. Plastering will not 
be permitted. 

Where a surface of mortar is to be the basis of the finish the coarse aggregate shall be worked from 
the form with a suitable tool, so as to bring a full surface of mortar against the form, care being taken to 
prevent the formation of voids and air-pockets. 

Whenever forms are removed from showing faces before the concrete has become hard and dry, the 
surface of the concrete shall be immediately wetted and kept wet for at least three (3) days. 

90. Granolithic Surfaces. — Granolithic surfaces shall be made by placing about 1 in. of facing concrete 
against the face form in advance of the concrete, of such consistency and in such a nianncr as 
will insure its bonding with the concrete. 

The facing concrete shall be composed of 1 part of Portland cement, 1 1 j parts of fine aggregate, and 
2 J >2 parts of coarse aggregate made up of pebbles, crushed granite, or other stone as called for. 

If iron or wooden moulds are used to retain the facing against the forms w^hile placing concrete, cure 
should be taken that the mould is not permitted to remain until initial setting occurs. The moulds 
shall be jarred frequently and raised at short intervals to prevent, formation of seams and air 
spaces between the surface and the concrete. 

91. Top Surfaces not Subject to Wear. — Top surfaces not subject to wear shall bo smoothed with a 
wood float and be kept wet for at least seven (7) days. Care shall be taken to avoid an excess of water 
in the concrete, and to drain or otherwise promptly remove any water that comes to the surface. Dry 
cement, or a dry mixture of cement and sand, shall not be sprinkled directly on the surface. 

A . Wesarikg Surfacks 

92. One-Course Work. — Aggregates for the wearing surface shall have a high resistance to abrasion, 
and shall be screened and when necessary thoroughly washed. The least quantity of mixing water that 
will produce a dense concrete shall bo used. The mix shall not be l<‘aner than 1 part of Portland cement 
itiid 2j.-2 parts of aggregate. The surface shall be screened even and finished with a wood float. Kxcess 
water shall be promptly drained or otherwise removed. ' Ovcr-trow<}ling shall bo avoid{‘d. 

93. Two-Course Work. — The wearing surface in two-courso work shall bo placed within om*-half Oa) 
hour after the base course. Where the wearing surface is recpiirod to be applic‘d to a hardtuu^d base 
course, the latter shall be prepared by roughening wdth a pick or other effectives tool. Tin* roughened 
surface shall be thoroughly saturated with water and covered with a thin layc'r of neat, ctumuit paste 
immediately before the wearing surface is placM. The wearing course shall not bo thinnc’r than 1 in. 

94. Curing. — Concrete wearing surfaces made in accordance with Sections 92 to 93 shall b<‘ kept wet* 
for at least ton (10) days in the case of floors and twenty-ono (21) days in the ease of roadjs 
and pavements. 

95t» Terrazza Finish. — Torrazzo fini.sh shall bo made by mixing 1 part of cement, parts of orusheci 
marble, or other stone or crushed pebbles, as may be called for by the plans, and sufficient water to pro- 
duce a dense concrete. The concrete shall be spread on the base course and worktjd down to a thi<!lv. 
ness of 1 in. by patting or rolling and troweling. The marble shall all pass a screen and be free from 

dust. The surface shall be kept wot for not loss than ten (10) days, and after curing shall be rubb<‘C4 
to a plane surface with a stono or a surfacing machine. Hardened concrete to which a terrazzo finish 
is to be applied shall be prepared as prescribed in Section 93, 

95t- Terrazzo Finish. — Terrazzo finish shall be made by mixing 1 part of cemont, 2 parts of sand, and 
sufficient water to produce a plastic mortar, which shall bo spread on the base course to a depth of 1 in. 
Crushed marble, free from dust and passing a screen, shall be sprinkled over the surface of the 

* Prevention of premature drying during the early hardening of concrete is essential to the develop- 
ment of high resistance to abrasion. The surface may be covered with a layer of burlap, earth, or sand, 
kept wet, or it may bo divided into small areas by dikes and flooded with water to a deptn of 2 or 3 in. 

t The Engineer must strike out one of the Sections 95, pp. fifiO and 661 . 
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fresh mortar, and, pressed or rolled in. The surface shall be kept wet for not less than ten (10) days and 
after curing shall be rubbed to a plane surface with a stone or a surfacing machine. Hardened concrete 
to which a terrazzo finish is to be applied shall be prepared as prescribed in Section 93. 

B. Decorative Finishes 

96. Rubbed Finish. Immediately after the forms are removed, the surface shall be wetted and 
rubbed with a carborundum brick or other abrasive until even and smooth and of uniform appearance, 
without applying any cement or other coating. 

97. Scrubbed Finish. The forms must be removed and the scrubbing done before the concrete has 
hardened. *** The surface shall be scrubbed with a fiber or wire brushes using water freely, until the 
surface^ film of mortar is removed and the aggregate uniformly exposed; then rinsed with clean water. 
If portions of the surface have become too hard to scrub in equal relief, dilute hydrochloric acid (1 part 
acid to 4 parts water) may be used to facilitate the scrubbing. The remaining acid shall be thoroughly 
removed wdth clean water. 

98. Sand-Blast Finish. The concrete face shall be permitted to attain an intermediate degree of 

hardness; it shall then be air-blasted w’ith hard sand until the aggregate is in uniform relief. • 

99. Tooled Finish. — The surface shall be permitted to become dry and hard, and then dressed with 
tools, as called for, to a uniform texture and even face. 

100. Sand-Floated Finish. — The forms shall bcTremoved before the surface has fully hardened; the 
surface shall be rubbed with a wooden float by a uniform circular motion, fine sand being rubbed into 
the surface until the resulting finish is even and uniform. 

101. Colored Aggregate Finish. — Colored or other special aggregate used for finish shall be exposed by 
scrubbing as provided in Section 97. Facing mortar, made from this special aggregate, of 1 part of 
cement, parts of sand, and 3 parts of pebbles or screenings, clean and free from dust, shall be placed 
against the face forms to a thickness of about 1 in. sufficiently in advance of the concrete to prevent the 
latter coming in contact with the form. 

102. Colored Pigment Finish. — Jvlineral pigment shall be thoroughly mixed dry with the cement and 
fine aggregate; care shall be taken to secure a uniform tint throughout. 

CHAPTER XI 
Design 

A, General. Assumptions 

103. General Assumptions. — The design of reinforced concrete members under these specifications 
shall be based on the following assumptions; 

(a) Calculations are made with reference to working stresses and safe loads rather than with refer- 
<mcc to ultimate strength and ultitnate loads. 

(h) A plane section before bending remains plane after bending, shearing distortions being neglected. 

(c) The modulus of elasticity of concrete in compression is constant within the limits of working 
.stresses and the distribution of compressive stress in beams is rectilinear. 

(d) The moduli of elasticity of concrete in computations for the position of the neutral axis, for the 
resisting moment of beams, and for compression of concrete in columns, are as follows: 

1. One-fifteenth (Ks) that of steel, when the compressive strength of the concrete at 28 days 
exceeds 1500 and does not exceed 2200 lb. per sq. in. 

2. Ono-twelfth CM 2 ) that of steel, when the compressive strength of the concrete at 28 days 
exceeds 2200 and does not exceed 2900 lb. per sq. in. 

3. One-tonth O-fo) that of steel, when the compressive strength of the concrete at 28 days is 
greater than 2900 lb. per sq. in. 

(e) In calculating the moment of resistance of reinforced concrete beams and slabs the tensile resist- 
ance of the concrete is neglected. * 

(/) Tbo bond between the concrete and the metal reinforcement remains unbroken throughout the 
range of working stresses. Under compression the two materials are therefore stressed in proportion of 
their moduli of elaatieity. 

(g) Initial stress in the reinforcement due to contraction or expansion of the concrete is neglected, 
except in thc5 dcssign of reinforced concrete columns. $ 

B . Flexure op Rectangular Reinporcep Concrete Beams and Slabs 

104. Flexure Formulas. — Computations of flexure in rectangular reinforced concrete beams and sL.bs 
shall be based on the following formulas: 

(a) Reinforced for Tension Only: 

Position of neutral axis, 

h = •\/2pn (pn)^ — pn (1) 

* In warm weather this will require from 6 to 24 hours, and in cold weather from 1 to 3 days. 

t By axing, rough or fine pointing, or bush-hammoring. 

i Formula (43) for the permissible compressive stress in reinforced concrete columns takes into 
account the effect of shrinkage in the concrete on the stress in the longitudinal reinforcement. It is not 
reciuired, however, that the designer consider shrinkage stresses in columns, except through the use of 
that formula. 
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Arm* of resisting couple. 


i » 1 - 


fc 


Compressive unit stress* in extreme fiber of concrete, 

2M ^ 2vfa 
jkbd^ k 

Tensile unit stress* in longitudinal reinforcement, 

^ M M 

Js == ■ 


Steel ratio for balanced reinforcement, 


Aajd pjhd^ 


p = 


2 + A 

fAnfc ^ } 


,For formulas on shear and bond, see Sections 1-21 to 127 and 135 to 137. 
(b) Reinforced for Both Tension and Compression: 

Position of neutral axis, 

A = 2n -h jy' + p')® — + PO 

Position of resultant compression, 


4- 2p*nd^ ~ J") 
+ 2p^n ( * ~ f') 


( 2 ) 

(3) 

(4) 

(5) 


(6) 

(7) 


Arm* of resisting couple, 


Od =» d 

Compressive unit stress in extreme fiber of concrete, 


z 


(8) 


6K 


Tensile unit stress in longitudinal reinforcement, 

. __ M 


k 


pjhd^ 

Compressive unit stress in longitudinal reinforcement, 


nfc 


k - 




fa «* nfc- 


0» 

( 10 ) 


( 11 ) 


105. Notation , — The symbolsf used in Formulas (1) to (23) are defined as follows: 

As » effective cross-soctional area of metal reinforcement in tension in beams; 
h » width of rectangular beam or width of flange of T-beain; 

d == depth from compression surface of beam or slab to center of longitudinal tension reinforce- 
ment; 

d' •= depth from compression surface of beam or slab to center of compression reinforcement; 
fc wj compressive unit stress in extreme fiber of concrete; 
ft *=a tensile unit stress in longitudinal reinforcement; 

/'* « compressive unit stress in longitudinal roinforoement; 
h « unsupported length of column; 

1 » moment of inertia of a section about the neutral axis for bending; 
j ratio of lever arm of resisting couple to depth, d; 

h » ratio of depth of neutral axis to depth, d; 

2 =» span length of beam or slab (generally distance from center to center of supports, see Sec- 

tion 106); 

M ^ bending moment or moment of resistance in general; 

71 « sss ratio of modulus of elasticity of steel to that of concrete; 


p w ratio of effective area of tension reinforcement to effective area of concrete in beams •* ‘rl; 

od 

p' «* ratio of effective area of compression reinforcement to effective area of (Concrete in beams; 
vj »=* uniformly distributed load per unit of length of beam or slab ; 

z *» depth from, compression surface of beam or slab of resultant of compressive stresses. 


* For ft «» 16,000 to 18,000 lb, per sq. in. and/o « 800 to 900 lb. per sq, in., j may be assumed as 0.86* 
values of pn varying from 0.04 to 0.24, jk is approximately equal to 0.07 •v^pn. 
t For Illustration of notation as applied to typical beams or slabs, see Pigs. I and 2. 
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106. Span Length. The span length, I, of freely supported beams and slabs shall be the distance 
between centers of the supports, but shall not exceed the clear span plus the depth of beam or slab. The 
span length for continuous or restrained beams built to act integrally with supports shall be the clear dis- 
tance between faces of supports. Where brackets having a width not less than the width of the beam 
and making an angle of 45® or more with the horizontal axis of a restrained beam are built to act 
integrally with the beam and support, the span shall be measured from the section where the combined 
depth of the beam and bracket is at least one- third ) more than the depth of the beam, but no portion 
of sucb a bracket shall be considered as adding to the effective depth of the beam. Maximum negative 
moments are to be considered as existing at the ends of the span, as defined above. 

107. Slightly Restrained Reams of Equal Span. — Beams and slabs of equal spans built to act integrally 
with beams, girders, or other slightly restraining supports and carrying uniformly distributed loads 
shall be designed for the following moments at critical sections; 

(a) Beams and slabs of one span, 

Maximum positive moment near center, 

^ ( 12 ) 

(b) Beams and slabs continuous for two spans'only, 

1. Maximum positive moment near center, 

(13) 

2. Negative moment over interior support, 

wP 

= (14) 

Cc) Beams and slabs continuous for more than two spans, 

1. Maximum positive moment near center and negative moment at support of interior spans, 

M ^ (15) 

2. Maximum positive moment near centers of end spans and negative moment at first interior 

support, 

^ (16) 

(d) Negative moment at end supports for Cases (a), (&), and (c) of this Section, 

M not less than (16a) 

108. Beams Built into Bride or Masonry Walls . — Beams and slabs built into brick or masonry walls 

in a manner which develops partial end restraint shall bo designed for a negative moment at the support 
of, 

M = not less than (17) 

Id 

109. Freely Supported Beams of Equal Span. — Beams and slabs of equal spans fpeely supported and 
assumed to carry uniformly distributed loads shall be designed for the moments specified in Section 107, 
except that no reinforcement for negative moment need be provided at end supports where effective 
measures are taken to prevent end restraint. The span shall be taken as defined in Section 106 for 
freely supported beams. 

110. Restrained Beams of Equal Span. — Beams and slabs of equal span built to act integrally with 
columns, walls, or other restraining supports and assumed to carry uniformly distributed loads, shall 
bo designed (except as provided in Section 107) for the following moments at critical sections: 

(a) Interior spans, 

1. Negative moment at interior supports except the first, 

lyr = “ 2 * 

2. Maximum positive moment near centers of interior spans, 

JW “ “g- (19) 

(ft) lOnd spans of continuous beams and beams of one span in which j is less than twice the sum of the 

values of f for the exterior columns above and below which are built into the beams: 

h 

1. Maximum positive moment near center of span and negative moment at first interior 
supports, 

TI4r fnr\\ 


2. Negative moment at exterior supports 
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(c) End spans of continuous beams, and beams of one span, in which j- is equal to or greater than 

twice the sum of the values of r for the exterior columns above and below which are built into the beams: 
n 

1. Maximum positive moment near center of span and negative moment at first interior 

support, 

( 22 ) 

2. Negative moment at exterior support. 


111 . Continuous Beams of Unequal Spans or with Nort’^Uniform Loading. — Continuous beams with 
unequal spans, or with other than uniformly distributed loading, whether freely supported or restrained, 
shall be designed for the actual moments under the conditions of loading and restraint. 

Provision shall be made where necessary for negative moment near the center of short spans which 
are adjacent to long spans, and for the negative moment at the end supports, if restrained. 

112. Unsupported Flange Length. — The distance between lateral supports of the compression area of 
abeam shall not exceed twenty-four (24:) times the least width of compression flange. 

C. Flexure op Rexnporcbi) Concrete T-Beams 

113. Flexure Formulas. — Computations of flexure in reinforced concrete T-beams shall be based on 
the following formulas: 

(a) Neutral Axis in the Flange: 

Use formulas for rectangular beams and slabs in fcjcctiou 104. 

(Z>) Neutral Axis helow the Flange: 

Position of neutral axis, 

“ = ;2«..^^-^2^>^ «24) 

Position of resultant compression, 

rSkd — 2t\ t 

J \2kd -< 5)3 

Arm of resisting couple, 

Jd d - j: (26> 

Compressive unit stress in extreme fiber of concrete, 

. Mkd /h / k \ 

« (1 ^~k) 

Tensile unit stress in longitudinal reinforcement, 

“ Zd (28) 

Formulas (24), (25), (26), (27), and (2S) neglect compression in the stern.* 

,114. Notation.-^Th^ symbolsf used in Formulas (24) to (28) are defined in Section 106 except 
follows: 

h" s= width of stem of T-beam: 

£ =» thickness of flange of T-boam. 

115. Flange Width. — Effective and adequate bond and shear resistance shall be provided in boam- 
and-slab construction at the junction of the beam and slab; the slab shall be built and conBidored an 
integral part of the beam; the effective flange width to be used in the design of synmn^triral T-beams 
shall not exceed one-fourth (> 4 ) of the span length of the beam, and its over-hanging width on either side 
of the web shall not exceed eight (S) times the thickness of the slab nor one-half (H) the clear distance 
to the next beam. 

* The following formulas take into account the compression in the stem: they arc recommendofl 
whore the flange is small compared with the stem: 


Position of neutral axis. 

Position of resultant compression, 
(kdf^ - 


/n/l« -H (6 ■ 

k ^ 6™ 


nA» 4* (6 - N)t 


. ^ - £))]6" 
t(2kd - £)6 4" (Ad - i)^ip 
Arm of resisting couple (see footnote, Section IOC), 

_ . . . jd ^ d — z 

Comprossrvo unit stress in extreme fiber of concrete, 

” [(2kd - t)ht -h (kd ~'£)S6nid 
Tensile unit stress in longitudinal reinforcement, 

f « ^ 

, A,5d 

t l^or illustration of certain symbols as applied to typical T-beama, see Pig. 3, 
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For beams having a flange on one aide only, the effective flange width to be used in design shall not 
exceed one-tenth (Ho)_of the span length of the beam, and its overhanging width from the face of the 
web shall not exceed six (6) times the thickness of the slab nor one-half (^ 2 ) the clear distance to the 
next beam. 

116. Transverse Reinforcement. — Where the principal slab reinforcement is parallel to the beam, 
transverse reinforcement, not less in amount than 0.3 % of the sectional area of the slab, shall be provided 
in the top of the slab and shall extend across the beam and into the slab not less than two-thirds ) 
of the width of the effective flange overhang. The spacing of the bars shall not exceed IS in, 

Compressive Stress at Supports. — Provision shall be made for the compressive stress at the sup- 
port in continuous T-beam construction. 

1 18. Shear. The flange of the beam shall not be considered as effective in computing the shear and 
diagonal tension resistance of T-bcama. 

119. Isolated Beams. — Isolated beams, in which the T-form is used only for the purpose of providing 
additional compression area, shall have a flange thickness not less than one-half ( 1 ^ 2 ) the width of the 
web and a total flange width not more than four (4) times the web thickness. 


D. Diagonal. Tension and Shear 

120. Notation . — The symbols used in Formulas (29) to (35) are defined in Section 105, except as 
follows: 

Av == total area, of web reinforcement in tension within a distance, s, that is, si, sa, sa , . . sn, 
or the total area of all bars bent up in any one plane ; 

a == angle between web bars and longitudinal bars; 

F « total tension in a bar; 

fc' =* ultimate compressive strength of concrete at the age of 28 days, based on tests of 6 by 12- 
in. or 8 by 16-in. cylinders made and tested in accordance with the “Standard Methods of 
Making and Storing Specimens of Concrete in the Field." Serial Designation: C31- 
21) of the American Society for Testing Materials and the “Tentative Methods of 
Making Compression Tests of Concrete" (Serial Designation: C39-21T) of the 
American Society for Testing Materials, 

fv ^ tensile unit stress in web reinforcement; 

Q «= ratio of the average to the maximum bond stress computed by Formula (34) within the 
distance, y; 

So «=i sum of perimeters of bars in one set; 

r «=a ratio of cross-sectional area of negative reinforcement which crosses entirely over 
the column capital of a flat slab or over the dropped panel, to the total cross-sectional 
area of the negative reinforcement in the tvlo column strips; 

a =0 spacing of web bars or stirrups measured at the plane of the lower reinforcement and in the 
direction of the longitudinal axis of the beam; 

ti *« thickness of flat slab without dropped panels or thickness of a dropped panel (see Fig. 14); 

tz *== thickness of flat slab with dropped panels at points away from the dropped panel (see Fig. 
14); 

u =« bond stress per unit of area of surface of bar; 

V shearing unit stress; 

V «=» total shear; 

x « length of bar added for anchorage, including the hook, if any; 

y » distance from the point at which tension is computed to the point of beginning of 
anchorage. 

121. Formula for Shear . — The shearing unit stress, r, in reinforced concrete beams shall be taken as 
not less than that computed by Formula (29),* 

^ bjd 

122. Variation of Shear in Beams with Uniform Load . — For purpose of design of beams carrying 
uniform loads, not less than ono-fourth (>0 of the total shearing resistance required at either end of the 
span shall bo provided at the section where the computed shearing stress is zero; from that section to the 
i'nds of the span the required shearing resistance shall be assumed to vary uniformly. 

123. Width of Beams in Shear Computations . — The shearing unit stress shall be computed on the 
minimum width of rectangular beams and on the minimum thickness of the web in beams of I- or T- 
weetion. 

124. Shea'f in Beam and Tile Construction . — The width of the effective section for shear as governing 
diagonal tension shall be assumed as the thickness of the concrete web pliis one-half (3.-^) the thiokneas 
of the vertical webs of the concrete or clay tile in contact with the beam. (For typical design, see Fig. 
13.) 

* For I- or T-beams, 6 is the width of the stem as given in Section 123. 
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125, Type$ and Spacing of Web Reinforcement , — Web reinforcement may consist of: 

(a) Vertical stirrups or web reinforcing bars. 

(h) Inclined stirrups or web reinforcing bars forming an angle of 30® or more with the longi- 
tudinal bars. 

(c) Longitudinal bars bent up at an angle of 16® or more with the direction of the longitudinal 


bars. 

Stirrups or bent-up bars which are not anchored at both ends, according to the provisions of Section 
14:1, shall not be considered effective as web reinforcement. When the shearing stress is not greater 
than 0.06/c', the distance, s, measured in the direction of the axis of .the beam between two successive 
stirrups, or between two successive points of bending up of bars, or from the point of bending up of a 
Har to the edge of the support, shall not be greater than 


“ « + 10 


(30) 


in which the angle, or, is in degrees. 

When the shearing stress is greater than 0.06//, the distance, s, shall not be greater than two-thirds 
(H) of the values given by Formula (30). 


126. Anchorage of Web Reinforcement. — See Section 141. 

127. Beams withont Special Anchorage of Longitudinal Reinforcement. — The shearing unit stress 
computed by Formula (29) in beams in which the longitudinal reinforcement is without special anchor- 
age shall not exceed the values given by Formulas (31) and (32) and in no case shall it exceed 0.06//. 

When ot is between 46® and 90®, 


V 


0 . 02 // + 


fvAv 

ha sin a 


(31) 


When oc is less than 45®, 


V 


0.02// -1- 


fvAy 

hs 


(sin oc -h cos a) 


(32) 


128. Beams with Special Anchorage of Longitudinal Reinforcement , — The shearing unit stress 
computed by Formula (29) in beams in which longitudinal reinforcement is anchored by means of hooked 
ends or otherwise, as specified in Section 140, shall not exceed the value given by Formulas (31) and (32), 
when 0.03// is substituted for 0.02// in those formulas; in no case shall the shearing unit stress exceed 
0 . 12 //. 

129. Beams with Bara Bent XJp at a Single Point . — Where the wob reinforcement consists of bars 
bent up at a single point, the point of bending shall be at a distance, s, from the edge of the support. 


not greater than that given in Section 125 and the value of the quantity, « 4- cos a), used in the 


design shall not exceed 76 lb. per sq. in. (See Fig, 10.) 

130. Combined Web Reinforcement . — Where two or more types of web reinforcement arc used 
in conjunction, the total shearing resistance of the beam shall be assumed as the sum of the shead- 
ing resistances computed for the various types separately. In such computations the shearing resist- 
ance of the concrete (the term, 0.02// in Formulas (31) and (32)) shall bo included only once. In no 
case shall the maximum shearing stresses be greater than the limiting values given in Sootions 127 and 


128. 

131. Shearing Stress in Flat Slabs . — The shearing unit stress in flat slabs shall not exceed the value of 
D given by Pormula(33): 

« « 0.02//(1 + r) (33) 

and shall not in any case exceed 0.03//. 

The shearing unit stress shall be computed on; 

(а) A vertical section which has a depth, in inches, of (h — IH) and which lies at a dis- 
tance, in inches, of ii — Ij-Ja from the edge of the oolumn capital; and 

(б) A vertical section which has a depth, in inches, of {is. — I)-*?) and which lies at a dis- 
tance, in inches, of — 1 from the edge of the dropped panel. 

In no case shall r be less than 0.25. Where the shearing stress computed as in Section (a) is being 
considered, r shall be assumed as the proportional amount of the negative reinforoemont, within the 
column strip, crossing the column capital. Where the shearing stress computed as in Section (6) is 
being considered, r ©hall be assumed as the proportional amount of the negative reinforcement, within 
the column strip, crossing entirely over the dropped panel.* (For typical fiat slab and designation of 
principal design sections, see Figs. 14 and 16.) 


132. Shear and diagonal Tension in Footings . — The shearing stress shall be taken as not less than 
that computed by Formula (29). The stress on the critical section, shall not exceed 0.02/c^ for footings 
with straight reinforcement bars, nor 0.03/o' for footings in which the reinforcement bars are anchored 
at both ends by adequate hooks or otherwise as specified in Section 140. 


133. Critical Section for Boil Footings . — The critical section for diagonal tension in footings on soil 
shall be computed on a vertical section through the perimeter of the lower base of a frustum of a cone or 


* In special cases, where supported by satisfactory engineering analysis, diagonal tension reinforce- 
ment may be used and increased shearing stresses allowed in accordanoe with Sections 127 to 130, 
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pyramid which has a base angle of 45®, and which has for its top the base of the column or pedestal and 
for its lower base the plane at the centroid of longitudinal reinforcement. 

134. Critical Section for Pile Footings . — The critical section for diagonal tension in footings on piles 
shall be computed on a vertical section at the inner edge of the first row of piles entirely outside a section 
midway between the face of the column or pedestal and the section described in Section 133 for soil 
footings, but in no case outside of the section described in Section 133. The critical section for piles not 
arranged in rows shall be taken midway between the face of the column and the perimeter of the base of 
the frustum described in Section 133. 


B. Bond and ANCHOitAGE 

135. Bond Stresses by Beam Action . — Where bar reinforcement is used to resist tensile stresses 
developed by beam action, the bond stress shall be taken as not less than that computed by Formula 
(34): 



For continuous or restrained members, the critical section for bond for the positive reinforcement 
shall be assumed to be at the point of inflection; that for the negative reinforcement shall be assumed to 
be at the face of the support, and at the point of inflection. For simple beams or freely supported end 
spans of continuous beams the critical section for bond shall be assumed to be at the face of the support. 

Bent-up longitudinal bars which, at the critical section, are within a distance, from horizontal rein- 

3 

forcement under consideration, may be included with the straight bars in computing So, 

In footings only the bars specified in Section 177 as effective in resisting bending moment shall be 
considered as resisting bond stresses. Special investigation shall be made of bond stresses in footings 
with stepped or sloping upper surface, as maximum bond stresses may occur at the vertical plane of the 
steps or near the edges of the footing, 

136, Bond Stress for Ordinary Anchorage . — In beams where the ordinary anchorage described in 
Section 139 is provided, the bond stress computed by Formula (34) at any section shall not exceed the 
following values: 

For plain bars. . u « 0.04/o‘' 

For deformed bars meeting the 

requirements of Section 23. . . .u 0.05// 

137. Bond Stresses for Special Anchorage . — In beams where special anchorage of the bars is provided 
as specified in Section 140, bond stresses exceeding those specified in Section 136 may be used, provided 
the total tensile stress at a point of abrupt change in stress or at the point of maximum stress, does not 
exceed the value of F given by Formula (35): 

F «= QuHoy + wSox (35) 

in which, 

F “• total tension in the bar; 

So “ the perimeter of the bar under consideration; 

Q «* ratio of the average to the maximum bond stress computed by Formula (34) within the 
distance, y; 

u » permissible bond stress «= 0.04/o'' for plain and 0,05// for deformed bars meeting 
the requirements of Section 23; 

X « the length of bar added for anchorage, including the hook, if any; 

p «* distance from the point at which the tension is computed to the point of begin- 
ning of anchorage. 

The length of bar added for anchorage may be either straight or bent. The radius of bend shall not 
be loss than four (4) bar diameters. 

13S. Bond Stress for Reinforcement in Two or More Directions . — The permissible bond stress for foot- 
ings and similar members in which reinforcement is placed in more than one direction shall not exceed 
75 % of the values in Sections 136 and 137. 

139. Ordinary Anchorage Requirements . — In continuous, restrained or cantilever beams, anchorage 
of the tensile negative reinforcement beyond the face of the support shall provide for the full maximum 
tension with bond stresses not greater than those specified in Section 136. Such anchorage shall provide 
a length of bar not less than the depth of the beam. In the case of end supports which have a width 
less than three-fourths (^i) of the depth of the beam, the bars shall be bent down toward the support a 
distance not less than the effective depth of the beam. The portion of the bar so bent down shall be as 
near to the end of the beam as protective covering permits. (See Fig. 9.) In continuous or restrained 
beams, negative reinforcement shall be carried to or beyond the point of inflection. Not less than one- 
fourth of the area of the positive reinforcement shall extend into the support to provide an embed- 
ment of ten (10) or more bar diameters. 

In simple beams, or freely supported end spans of continuous beams, at least one-fourth (^i) of the 
area of the tensile reinforcement shall extend along the tension side of the beam and beyond the face of 
the support tp provide an embedment of ten (10) or more bar diameters. 



1552 


HANDBOOK OF BUILDING CONSTRUCTION 


140. Special Anchorage Requirements , — Where increased shearing stresses are used as provided in 
Sections 128 and 132, or inoreasod bond stresses as provided in Section 137 are necessary, special anchor- 
age of all reinforcement in addition to that required in Section 139 shall be provided as follows: 

(a) In continuous and restrained beams, anchorage beyond points of inflection of one-third (yi ) the 
area of the negative reinforcement and beyond the face of the support of one-third (3*^) the area of the 
positive reinforcement, shall be provided to develop one-third (J-S) of the maximum working stress in 
tension, with bond stresses not greater than those specified in Section 136. 

(b) At the edges of footings, anchorage for all the bars for one-third the maximum working 

stress in tension, shall be provided within a region where the tension in the concrete, computed as an 
unreinforced beam, does not exceed 40 lb. per sq- in. 

(c) In simple beams, or freely-supported end spans of continuous beams, at least one-half (>2 ) of the 
tensile reinforcement shall extend along the tension side of the beam to provide an anchorage beyond 
the face of the support for one-third (>3 ) of the maximum working stress in tension. 

141. Anchorage of Web Rein for ce^nent , — Web bars shall be anchored at both ends by: 

(а) Providing continuity with the longitudinal reinforcement ; or 

(б) Bending around the longitudinal bar; or 

(c) A semi-circular hook which has a radius not less than four (4) times the diameter of the 
web bar. 

Stirrup anchorage shall be so provided in the compression and tension regions of a beam as to permit 
the development of safe working tensile stress in the stirrup at a point 0.3d from cither face. * 

The end anchorage of a web member not in bearing on the longitudinal reinforcement shall be such 
as to engage an amount of concrete sufficient to prevent the bar from pulling out. In all cases the stirrups 
shall be carried as close to the upper and lower surfaces as fireproofing requirements permit. 
(For typical designs see Pigs. 8 and 12.) 

P. Plat Slabs 


(Two-Wat axtd Potjr-Wat Systems with Pectangulab Panels) 

142. Moments in Interior Panels . — The moment coefficients, moment distribution, and slab 
thicknesses specified herein are for slabs which have three (3) or more rows of panels in each direction, 
and in which the panels are approximately uniform in size. Slabs with paneled coiling or with depressed 
paneling in the floor shall be considered as coming under the requirements herein given. The symbols 
used in Formulas (36) to (41) are defined in Section 105, except as indicated in Sections 142, 145, and 
155. 

In flat slabs in which the ratio of reinforcement for negative moment in the column strip is not greater 
than 0.01, the numerical sum of the positive and negative moments in tho direction of either side 
of the panel for which tension reinforcement must be provided, shall bo assumed as not less tlian that 
given by Formula (36): 

Jl/o - 0.09'H^i(l - I)" (36; 

in which, 

ikfo « sum of positive and negative bending momentsf in cither rectangular direction, at the 
principal design sections of a panel of a flat slab; 

c =« base diameter of the largest right circular cone which lies entirely within the column 
(including the capital) the vertex angle of which is 90*^ and the base of which is 1>5 im 
below the bottom of the slab or the bottom of the dropped panel (see Fig. 14), 

I ea span lengthj of flat slab, center to center of columns, in the rectangular direction in which 
moments are considered; 


lx » span length^ of flat slab, center to center of columns, pf'rpendirular to th(‘ re<‘tanguhir 
direction in which moments arc considered; and 
W « total dead and live load uniformly distributed over a single panel area. 

14r3, Principal Design Sections . — In computing the critical moments in flat slabs subjet^ted < o uniform 
load the following principal design sections shall be used: 

(a) Section for Negative Moment in Middle Strip: The section beginning at a point on the <^dgo of 
the panel, from the column center and extending in a rectangular direction a distance, toward the 
center of the adjacent column, on the same panel edge (See Pig, 15). 


XI. *1 properly anchored stirrup the diameter of which does nob exceed one-fiftieth (Ho) of 

the cL^th of the beam will meet these requirements. 

t The sum of the positive and negative momenta provided for by this equation is about 72 % of the 
moment found by rigid analysis based on the principles of mechanics. Extensive testa and experience 

shown that the requirements hero stated will give adequate strength. 
Sec StjUical Liinitationa Upon the Steel Keqiiiroment in Reinforced Concrete Flat Slab Floors," 
by John R. Nichols, Transactions, Am. Soc. C. E.. Vol. LXXVTI (1914), p. 1670, and "Moments and 
in Slabs, by Messrs. H. M. Westergaard and W. A, Slater, Froc^edingSi Am. Concrete Inst., 
Vol. (1921). 

,v column strip and the middle strip to be used when considering moments in the direction of 

the dimension, Z, are located and diinensioned as shown in Fig. 15. The dimension, h, does not always 
re‘present the short lenigth of the panel. When, moments in the direction of the shorter panel length are 
dimensions, I and 2i, are to be interchanged and the strips corresponding to those shown 
in Fig. 15, but extending m the direction of the shorter panel length are to be considered. 
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(/>) Section for Negative Moment in Column Strip: The section beginning at a point on the edge of 
the panel, — , from the center of a column and extending in a rectangular direction toward the column to a 

point, -gi therefrom and thence along a one-quarter circumference about the column center to the 
adjacent edge of the panel. 

(c) Section for Positive Moment in Middle Strip: The section of a length, extending in a rec- 

2f 

tangular direction across the center of the middle strip. 

Cd) Section for Positive Moment in Column Strip: The section of length, extending in a 

rectangular direction across the center of the column strip. 

144. Momenta in Principal Design Sections . — The moments in the principal design sections shall be 
those given in Tabic 6, except as follows: 

(ti) T. he sum of the maximum negative moments in the two columns strips may be greater or less 
than the values given in Table 6 by not more than 0.03 Mq. 

(fy) The maximum negative moment and the maximum positive moments in the middle strip and the 
sum of the maximum positive moments in the two column strips may each be greater or leas than the 
values given in Table 6 by not more than O.OlMo. 


TaIjle 6. — Moments to Be TJsep in Design of Flat Slabs*** 



Flat slabs without 

Flat slabs with 

1 

Strip 

dropped panels 

dropped panels 

■ 

Negative 

Positive 

Negative 

Positive 


Slabs with Two-way Reinforcement 


Column strip 

0.23 Mo 

0.11 Mo 

\ 

0.25 Mo 

0.10 Mo 

Two column strips 

0.46 Mo 

0.22 Mo 

0.50 Mo 

0.20 Mo 

Middle strip 

O.IG Mo 

0.16 Mo 

0.15 ikTo 

0.16 Mo 


Slabs with Pour-way Reinforcement 


Column strip 

0.25^11-0 

0.10 Mo 

0.27 Mo 

[ 0.095 Jkfo 

Two column strips 

0.50 Mo 1 

0.20 Mo 

0,54 Mo 

0.190 i^4'o 

Middle strip 

0.10 Mo 

0.20 Mo 

0,08 Mo 

0.190 Mo 


* Those are lyiproximately the values which would be obtained by considering ono-third O'i) of the 
total moment, Mo, as positive and two-thirds of it as negative moment- 


145. Thickness of Flat Slabs and Dropped Panels . — The total thickness, t it, of the dropped panel, in 
inches, or of the slab if a dropped panel is not used, shall be not less than: 

<i - 0.038 (x - 1.44 0 I '^Rw' (37)t 

in which, 

R M ratio of negative moment in the two column strips to Mo\ 
w' M uniformly distributed dead and live load per unit of area of floor; and 
h\ “« dimension of the dropped panel in the direction parallel to h. 

For slabs with dropped panels the total thickness, $ in inches, at points beyond the dropped panel 
shall be not less than: 

* i2 0.021! + 1 (381 

The slab thickness, ti or tz, shall in no case be less than ^ for floor-slabs, and not less than ^ for roof- 

slabs. In determining minimum thickness by Formulas (37) and (38), the value of I shall be the pane 
length, center to center of the columns, on the long side of the panel, h shall be the panel length on the 
short side of the panel, and bi shall bo the width or diameter of the dropped panel in the direction of Zi, 
except that in a slab without a dropped panel, 6i shal! be 0.5Zi. 

t The thickness will be in inches regardless of whether I and w' are in feet and pounds per square foot, 
or in inches and pounds per square inch. » 

t The values of R used in this formula are the coefl5cients of iliSTo for negative moment in two column 
strips in Table 0. 
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146* Minimum JMmensions of Jfropped Panels *' — The dropped panel shall have a length or diameter 
in each rectangular direction of not less than one-third (W) the panel length in that direction, and a 
thickness not greater than 1.5i2. ^ i . 

147* Wall and Other Irregular Panels, — In wall panels and other panels in which the slab is 
discontinuous at the edge of the panel, the maidmum negative moment one panel length away from the 
discontinuous edge and the maximum positive moment between shall be increased as follows: 

(а) Column strip perpendicular to the wall or discontinuous edge, 15 % greater than that in Table 6. 

(б) Middle strip perpendicular to wall or discontinuous edge, 30 % greater than that given in Table 6- 

In those strips the hars used for positive moments perpendicular to the discontinuous edge shall 

extend to the edge of the panel at which the slab is discontinuous. 

148. Panels with Marginal Beams. — In panels having a marginal beam on one edge or on each of two 
adjacent edges, the beam shall be designed to carry at least the load superimposed directly upon it, 
exclusive of the panel load* A beam which has a depth greater than the thickness of the dropped panel 
into which it frames, shall be designed to carry, in addition to the load superimposed upon it, at least 
one-fourth (M) of the distributed load for which the adjacent panel or panels are designed, and each 
column strip adjacent to and parallel with the beam shall be designed to resist a moment at least onc- 
half (> 2 ) as great as that specified in Table 6 for a column strip.* 

Each column strip adjacent to and parallel with a marginal beam which has a depth less than the 
thickness of the dropped panel into which it frames shall be designed to resist the momenta specified in 
Table 6 for a column strip. Marginal beams on opposite edges of a panel and the slab between them 
shall be designed for the entire load and the panels shall be designed as simple beams. 

149. Discontinuous Panels. — The negative moments on sections at and parallel to the wall, or dis- 
continuous edge of an interior panel, shall be determined by the conditions of restraint. 1* 

150. Flat Slabs on Bearing Walls. — Where there is a beam or a bearing wall on the center line of 
columns in the interior portion of a continuous flat slab, the negative moment at the beam or wall line 
in the middle strip perpendicular to the beam or wall shall be taken as 30 % greater than the moment 
specified in Table 6 for a middle strip. The column strip adjacent to and lying on cither side of the 
beam or wall shall be designed to resist a moment at least one-half ) of that specified in Table 0 for a 
column strip. 

151. Point of Inflection. — The point of inflection in any line parallel to a panel edge in interior panels 
of symmetrical slabs without dropped panels shall bo assumed to be at a distance from the center of the 
span equal to 0.30 of the distance between the two sections of critical negative moment at opposite 
ends of the line; for slabs having dropped panels, the coefficient shall bo 0,25. 

152. Reinforcement. — The reinforcement bars which cross any section and which fulfill the require- 
ments given in Section 153 may be considered as effective in resisting the moment at the section. The 
sectional area of a bar multiplied by the cosine of the angle between the direction of the axis of the bar 
and any other direction may be considered effective as reinforcement in that direction. 

153. Arrangement of Reinforcement. — The design shall include adequate provision for securing the 
reinforcement in place so as to take not only the critical moments, but the moments at intermediate 
sections. Provision shall be made for possible shifting of the point of inflection by carrying all bars in 
rectangular or diagonal directions, each side of a section of critical moment, cither positivo or negative, 
to points at least twenty (20) diameters beyond the point of inflection as specified in Section 
151. Lapped splices shall not be permitted at or near regions of maximum stress except as described. 
At least four-tenths CMo) of all bars in each direction shall be of such length and shall bo so placed as to 
provide reinforcement at two sections of critical negative moment and at the intermediate section of 
critical positive moment. Not less than one-third (>^) of the bars used for positive reinforcement in the 
column strip shall extend into the dropped panel not less than twenty (20) diameters of the bar, or in 
case no dropped panel is used, shall extend to a point not loss than one-eighth (H) of the span length 
from the center line of the column or the support. 

154. Reinforcement at Construction J oints. — See Section 72. 

155. Tensile Stress in Reinforcement. — The tensile stress, /«, in the reinforcement in flat slabs shall 
be taken as not less than that computed by Formula (39) : 


. RMq 


(39) 


in which, 

RMe » moment specified in Section 144 for two column strips or for one midcllo strip; and 

At «■ effective cross-sectional area of the reinforcement which crosses any' of the principal 
design sections and which meets the requirements of Section 153. The stress so com- 
puted shall not at any of the principal design sections exceed the values specified in 
Section 194. 

166. Compressive Stress in Concrete . — The compressive stress in the concrete in flat slabs shall bo 
taken as not less than that computed by Formulas (40) and (41)* but the stress so computed shall not 
exceed 0.4 fo\ 


* tn wall columns, brackets are sometimes substituted for capitals, or other changes arc made in the 
design of the capital. Attention is directed to the necessity for taking into account the change in the 
value of c in the moment formula for such oases. 

t The Committee is not prepared to make a more definite recommendation at this time. 
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Compression due to negative moment, jRJkfo, in the two column strips: 

(i _ 1.2 «) 

0,67 y/ pn hxd^ ^ ^ ^ 


(40) 


in which, hi is as specified in Section 145. 

Compression due to positive moment, SJVfo, in the two column strips, or negative or positive moment 
in the middle strip: 


0.67'^pn hd^ 

In special cases supported by satisfactory engineering analysis, approved by the Engineer, compres- 
sion reinforcement may be used to increase the resistance to compression in accordance with 
other provisions of these specifications. 

157. Shearing Stress . — Sec Section 131. 

158. Unusual Panels . — For structures having a width of one or two panels, and also for slabs having 
panels of markedly different sizes, an analysis shall be made of the moments developed in both slab and 
columns, and the values given in Sections 142 to 157 modified accordingly. 

159. Bending Moments in Columns , — See Section X71, 


<T. Eeinfobceb Concbbtb Columns 


ICO. Limiting Dimensions . — The following sections on reinforced concrete columns are based on the 
assumption of a short column. Where the unsupported length is greater than forty (40) times the Ifeast 
radius of gyration (40R), the safe load shall be determined by Formula (47). Principal columns in 
buildings shall have a minimum diameter or thickness of 12 in. Posts that are not continu- 
ous from story to story shall have a minimum diameter or thickness of 6 in. 

161. Unsu.ppoTted Length , — The unsupported length of reinforced concrete columns shall be taken as: 

(а) In flat slab construction the clear distance between the floor and under side of the capital. 

(б) In beam-and-slab construction, the clear distance between the floor and the under side of the 
shallowest beam framing into the column at the next higher floor level. 

(c) In floor construction with beams in one direction only, the clear distance between floor slabs. 

(d) In columns supported laterally by struts or beams only, the clear distance between consecutive 
pairs (or groups) of struts or beams, provided that to be considered an adequate .support, two such struts 
or beams shall meet the column at approximately the same level and the angle between the two planes 
formed by tho axis of the column and the axis of each strut, respectively, is not less than 75 nor more than 
105 degrees. 

When haunches are used at the junction of beams or struts with columns, the clear distance between 
supports may bo considered as reduced by two-thirds (^^) of the depth of the haunch, 

102. Safe Load on Spiral Columns . — The safe axial load on columns reinforced with longitudinal 
bars and closely spaced spirals enclosing a circular core shall be not greater than that determined by 
Formula (42):* 

P =* Ac/o + nfepA (42) 


in which, 

P « total safe axial load on column the ^ of which is less than 40; 

wm area of the concrete core enclosed within the spiral; the diameter of tho core (or of the 
spiral) shall bo taken as the distance center to center of the spiral wire; 
p «= ratio of effective area of longitudinal reinforcement to area of the concrete core; 

Ao A(1 “ p) » not area of concrete core; 


jf, » permissible coxnpreasivo stress in concrete = 

300 4- (0.10 H- 4p)// ^ (43) 

Tho longitudinal reinforcement shall consist of at least six (6) bars of minimum diameter of in. and 
its effective cross-sectional area shall not be less than 1 %, nor more than 6 % of the core. 

103. Spiral Rcin/orceweni.— Tho spiral reinforcement shall bo not loss than one-fourth the volume 

of the longitudinal reinforcement; it shaU consist of evenly spaced continuous spirals held firmly in 
place and true to line by at least three vertical spacer bars. Tho spacing of the spirals shall 
be not greater than ono-sixth (H) of the diameter of the core and in no case more than 3 in. The spiral 
reinforcement shall meet tho requirements of the “Tentative Specifications for Cold-Drawn Steel Wire 
for Concrete Rcinforoement" (Serial Designation A82-21T) of the American Society for Testing 

^^^l^^^rotection of Spirally Reinforced Column. — Reinforcement shall be protected everywhere by a 
covering of concrete cast monolithic with tho core, which shall have a minimum thickness of IH in 

square columns and 2 in. in round or octagonal columns. ,.., 1.1 

165. Safe Load on Cohimns with Lateral Ties.— The safe axial load on columns reinforced with longi- 
i udinal bars and separate lateral ties shall be not greater than that determined by Formula (44) : 

P « (Ac' + Asn)fo ^ , < 44 ) 

* The symbols used in Formulas (42) to (49) are defined in Section 105, except as indicated in Seo 
tions 162, 166, 168, 170, 176, and 182. 
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in which, 

Ac' = net area of concrete in the column (total column area minus area of reinforcement); 

As = effective cross-sectional area of longitudinal reinforcement; 
fc = the permissible compressive stress in concrete shall not exceed 0,20 f/- 
The amount of longitudinal reinforcement considered in the calculations shall be not more than 2 
nor less than 0.5 % of the total area of the column. The longitudinal reinforcement shall consist of not 
less than four (4) bars of minimum diameter of in., placed with a clear distance from the face of the 
column of not less than 2 in. 


166. Lateral Ties. — ^Lateral ties shall be not less than in, in diameter, spaced not more than 8 in. 
apart. 

167. Bending in Columns. — Reinforced concrete columns subject to bending stresses shall be treated 
as follows: 

(а) With spiral reinforcement: The compressive unit stress on the concrete within the core area 
under combined axial load and bending shall not exceed by more than 20 % the value given for axial 
load by Pormula (43). 

(б) With lateral ties: Additional longitudinal reinforcement may be used if required, and the 
compressive unit stress on the concrete under combined axial load and bending may be increased to 
0.30/c'. The total amount of reinforcement considered in. the computations shall bo not more than 4 % 
of the total area of the column. 

Tension in the longitudinal reinforcement due to bending of the column shall not exceed 16,000 lb. 
per sq. in. 

168. Composite Columns. — The safe load on composite columns in which a structural steel or cast- 
iron column is thoroughly encased in a circumferentially reinforced concrete core shall be based on a 
certain unit stress for the steel or cast-iron core plus a unit stress of 0.25 fe' on the area within the spiral 
core. ^ 

The unit compressive stress on the steel section shall be not greater than that determined by Formula 
(45): 

fv » 18,000 - 70 ^ (45) 

but shall not exceed 16,000 lb, per sq. in. 

The unit stress on the cast-iron section snail be not greater than that determined by Formulas (46) : 

' fr = 12,000 - 6o| (46) 

but shall not exceed 10,000 lb. per sq. in. In Formulas (45) and (46), 
fr w compressive unit stress in metal core ; and 
B =» least radius of gyration of the steel or cast-iron section. 

The diameter of the cast-iron section shall not exceed one-half ) of the diameter of tho core within 
the spiral. The spiral reinforcement shall be not less than 0.5 % of the volume of tho core within the 
spiral and shall conform in quality, spacing, and other requirements to the provisions for spirals in Section 
163. 


Ample section of concrete and continuity of reinforcement shall bo provided at tho junction with 
beams or girders. The area of the concrete between tho spiral and the metal core shall be not less than 
that required to carry the total floor load of the story above on tho basis of a stress in the concrete of 
0.35 fa\ unless special brackets are arranged on the metal core to receive directly the beam or slab load. 

169. Structural Steel Columns . — The safe load on a structural stool column of a section which fully 
encases an area of concrete and which is protected by an outside shell of concrete at lcast“3 in. thick, shall 
be computed in the same manner as for composite columns in Section 168, allowing 0.25ft,' on the area 
of the concrete enclosed by tho steel section. Tho outside shell shall bo reinforced by wire mesh, ties, 
or spiral hoops, weighing not loss than 0.2 lb. per sq. ft, at tho surface of the mesh, and with a maximum 
spacing of 6 in. between strands or hoops. Special brackets shall bo used to receive tho entire floor load 
at each story. The safe load in steel columns calculated by Formula (45) shall not exceed 16,000 lb. per 
sq. in. 


170. Long Columns . — Tho permissible working load on tho coro in axially loaded columns which 
have a length greater than forty (40) times tho least radius of gyration of tho column core (40R) shall 
be not greater than that determined by Formula (47) 

? - (47) 

in which, 

P' oa total safe axial load on long column; 


F « total safe axial load on column of the same section the ^ of which is leas than 40, determined 
as in Sections 102 and 165. 
jl? =a least radius of gyration of column core. 


171. Bending Momenta in Columns . — Tho bending moments in interior and exterior columna shall 
be„ determined on the basis of loading conditions and end restraint, and shall foe provided for 
in the design. Tho recognized mothods shall be followed in calculating the stresaca duo to oombinod 
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axial load and bendinpj. In spiral columns, the area to be considered as resisting the stress is the area 
within the spiral* 

H , Footings 

172. General. The requirements for tension, compression, shear, and bond in Sections 103 to 141, 
inclusive, shall govern the design of footings, except as hereinafter provided. 

1 / 3. Soil Footings. The load per unit of area on soil footings shall be computed by dividing the 
column load by the area of base of the footing. 

Footings. Footings on piles shall be treated in the same manner as footings on soil, except 
tliat the load shall be considered as concentrated at the pile centers. 

175. Sloped or Stepped Footings. — Footings in which the thickness has been determined by 
the requirements for shear as specified in Sections 133 and 134 may be sloped or stepped between the 
critical section and the edge of the footing, provided that the shear on no section outside the critical 
section exceeds the value specified, and provided further that the thickness of the footing above the 
reinforcement at the edge shall not be less than G in. for footings on soil nor less than 12 in. for footings on 
piles. Sloped or stepped footings shall be cast as a unit. 

176. Critical Section for Hcnding. — The critical section for bending in a concrete footing which 
supports a concrete column or pedestal, shall be considered to be at the face of the column or pedestal. 
Where steel or cast-iron column bases are used, the moment in the footing shall be computed at the 
middle and at the edge of the base; the load shall be considered as uniformly distributed over the column 
or pedestal base. 

The bending moment at the critical section in a square footing supporting a concentric square column, 
shall be computed from the load on the trapezoid bounded by one face of the column, the corresponding 
outside edge of the footing, and the portions of the two diagonals. The load on the two corner triangles 
of this trapezoid shall be considered as applied at a distance from the face equal to six- tenths (0.6) of the 
projection of the footing from the face of the column. The load on the rectangular portion of the trape- 
zoid shall be considered as applied at its center of gravity. The bending moment is expressed 
by Formula (48); 

M « I Ca + 1.2c)c2 (4 8) 

in which, 

Af « bending moment at critical section of footing; 
a « width of face of column or pedestal; 
c = projection of footing from face of column; 
w » upward reaction per unit of area of base of footing. 

For a round or octagonal column, the distance, a, shall be taken as equal to the side* of a square of an 
iiToa equal to the area enclosed within the perimeter of the column. (For typical footing designs, see 
Figs. 16 and 17.) 

177. Reinforcement. — The reinforcement in each direction in the footing shall be determined as for a 
rtdnforced concrete beam; the effective depth shall be the distance from the top of the footing to the 
plane of tho reinforcement. The sectional area of reinforcement shall be distributed uniformly across 
the footing unless the width is greater than the side of the column or pedestal plus twice the effective 
cl(‘pth of tho footing, in which caso tho width over which the reinforcement is spread may be increased to 
include one-half (H) the remaining width of the footing. In order that no considerable area of the foot- 
ing shall remain unroinforcod, additional reinforcement shall be placed outside of the width specified, 
but such reinforcement shall not bo considered as effective in resisting the calculated bending moment. 
For the extra reinforcement a spacing double that within the effective belt may be used, 

178. Concrete Stress. — Tho extreme fiber tress in compression in the concrete shall be kept within 
the limits specified in Section 189. The extreme fiber stress in sloped or stepped footings shall be based 
on the exact shape of the section for a width not greater than that assumed effective for reinforcement. 

170. Irregular Footings. — A rectangular or irregularly shaped footing shall be computed by dividing 
it into rectangles or trapezoids tributary to tho sides of the column, using the distance to the cer\ter of 
gravity of the area as tho moment arm of tho upward forces. Outstanding portions of combined footings 
shall bo treated in the samo manner. Other portions of combined footings shall be designed as beams or 
slabs. 

180. Shearing Stresses. — See Sections 132 to 134. 

181. Bond Stress. — See Sections 135 to 141. 

182. Transfer of Stress at Base of Column. — The compressive stress in longitudinal reinforcement at 
the base of a column shall be transferred to the pedestal or footing by either dowels or distributing bases. 
When dowels are used, there shall be at least one for each column bar, and the total sectional area of the 
dowels shall be not leas than the sectional area of the longitudinal reinforcement in the column. The 
dowels shall extend into the column and into the pedestal or footing not less than fifty (50) diameters of 
the dowel bars for plain bars, or forty (40) diameters for deformed bars. 

When metal distributing bases are used, they shall have sufficient area and thickness to transmit 
safely the load from the longitudinal reinforcement in compression and bending. The permissible com- 
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pressive unit stress on top of the pedestal or footing directly under the coiumn shall be not greater than 
that determined by Formula (49): 

Ta = 0.25// 

in which, 

ra *=» permissible working stress over the loaded area; 

A J=» total area at the top of the pedestal or footing; 

A' ^ loaded area at the column base; 

/o' *= ultimate compressive strength of concrete. (See Section 120.) 

In sloped or stepped footings, A may be taken as the area of the top horizontal surface of the footing 
or as the area of the lower base of the largest fruatrum of a pyramid or'cone contained wholly within the 
footing and having for its upper base the loaded area, A' , having side slopes of 1 vertical to 
2 horizontal. 

183. Pedee«aZa Without Reinfocement . — The allowable compressive unit stress on the gross area of a 
concentrically loaded pedestal or on the minimum area of a pedestal footing shall not exceed 
0.25 /c', unless reinforcement is provided and the member designed as a reinforced concrete column. 

The depth of a pedestal or pedestal footing shall be not greater than three (3) times its least width 
and the projection on any side from the face of the supported member shall be not greater than one-half 
the depth. The depth of a pedestal the sides of which are sloped or stepped shall not exceed three 
(3) times the least width or diameter of the section midway between the top and bottom. A pedestal 
footing supported directly on piles shall have a mat of reinforcing bars,having a cross-sectional area of not 
less than 0.20 sq. in. per ft. in each direction, placed 3 in. above the top of the piles. 

J, Hbinporced Concrete Retaining Wales 

184. Loads and Unit Stresses. — Reinforced concrete retaining walls shall be so designed* that the 
permissible unit stresses specified in Sections 186 to 107 are not exceeded. The heels of cantilever, 
counterforted, and buttressed retaining walls shall be proportioned for maximum resultant vertical loads, 
but when the foundation reaction is neglected, the permissible unit stresses shall not be more than 50 % 
greater than the normal permissible stresses- 

185. Details of Design. — The following principles shall bo followed in the design of reinforced concrete 
retaining walls: 

(a) The unsupported toe and heel of the base slabs shall bo considered as cantilever beams fixed at 
the edge of the support. 

(b) The vertical section of a cantilever wall shall be considered as a cantilever beam fixed at the top 
of the base, 

(c) The vertical sections of counterforted and buttressed walls and parts of base slabs supported by 
the counterforts or buttresses shall be designed in accordance with the requirements for a continuous 
slab in Section 110. 

(d) The exposed faces of walls without buttresses shall preferably bo given a batter of not less than 
in. per ft. 

(e) Counterforts shall be designed in accordance with the requirements for T-beams in Bection 1 13 to 
115. Stirrups shall be provided in the counterforts to take the reaction when the tension reinforcement 
of the face walla and heels of bases is designed to span between the countorforts. Stirrups shall bo 
anchored as near the exposed face of the longitudinal wall and as close to tho lower face of th(^ biisc as 
the requirements for protective covering permit. 

(/) Buttresses shall be designed in accordance with tho requirements specified for rectangular beams. 

(g) The shearing stress at tho junction of tho base with counterforts or buttresses shall not exceed 
the values specified in Sections 120 to 130, 

(h) Horizontal metal reinforcement shall be of such form and distributed so as to <iev<‘lop th<‘ 
required bond. To prevent temperature and shrinkage cracks in exposed surface not 1 <‘hh tlian 0.25 sq. 
in. of horizontal metal reinforcement per foot of height shall bo provided. 

(i) Grooved lock-joints shall be placed not moro than 60 ft. apart to care for temperature changes. 

(J) Counterforts and buttresses shall bo located under all points of concentrated loadiiig, and at 
interfiiediate points as may be required by the design. 

(k) The walls shall be cast as a unit between expansion joints unless construction joints formed in 
accordance with Sections 69 and 73 are provided. 

(Z) Brains or weep-holes*' not less than 4 in, in diameter and not more than 10 ft. apart, shall btt 
provided; at least one drain shall be provided for each pocket formed by counterforts. 

J . Summary of Working Stresses 

186. General, — "The following notation shall be used, in which, 

// *» ultimate compressive strength of concrete at age of 28 days, based on tests of 6 by X2-in. or 8 by 
16-in. cylinders made and tested in accordance with the “Standard Methods of Making and 
Storing Specimens of Concrete in tho Field” (Serial Designation: C31--21) of the American 
Society for Testing Materials and the “Tentative Methods of Making Compressive Tests of 
Concrete’* (Serial Designation: 039-21T) of the American Society for Testing Materials. 

* In proportioning retaining walls consideration should be given to: (a) Bearing value of soil; and 
(6) stability against sliding. 
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Direct Stress in Concrete 


187. Direct Compression ^ — 

(a) Columns the length of which does not exceed 4.0R: 

1. With spirals . . . varies with amount of longitudinal reinforcement. ... (See Section 162. ) 

2. Longitudinal reinforcement and lateral ties (See Section 166. ) 

(b) Long columns (See Section 170.) 


188, Compression in Extreme Fiber . — 

(а) Extreme fiber stress in flexure 0.40/c' 

(б) Extreme fiber stress in flexure adjacent to supports of continuous beams .0.46/e' 

189. Tension . — 

In concrete members None 


Shearing Stresses in Concrete 

190. Longitudinal Bars without Special Anchorage . — 

(а) Beams without web reinforcement Q.02f/ 

(б) Beams with stirrups or bent-up bars or combination of the two 0.06/e' 

191. Longitudinal Bars Haning Special Anchorage . — 

(а) Beams without web reinforcement 0.03// 

(б) Beams with stirrups or bent-up bars or a combination of the two 0.12// 

192. Flat Slabs . — 

(a) Shear at distance, d, from capital or dropped panel 0.03// 

(b) Other limiting cases in flat slabs (See Section 131.) 

193. Footings . — 

(a) Longitudinal bars without special anchorage Q.02fc 

(b) Longitudinal bars having special anchorage 0.03/e' 


Stresses in Reinforcement 


194. Tension in Steel . — 

(a) Billet-steel bars: 

1, Structural steel grade 

2, Intermediate grade 

3, Hard grade 

(d) Rail-steel bars 

(c) Structural steel 

(d) Cold-drawn steel wire: 

1. Spirals 

2. Elsewhere, 

196, Compression in Steel . — 

(a) Bars 

(b) Structural steel core of composite column. 

Reduced for slenderness ratio 

(c) Structural steel column 

Reduced for slenderness ratio 

196. Compression in Cast Iron . — 

Composite cast-iron column 

Reduced for slenderness ratio 

107. Bond Between Concrete and Reinforcement.- 

(a) Beams and slabs, plain bars 

(b) Beams and slabs, deformed bars 

(c) Footings, plain bars, one-way 

(d) Footings, deformed bars, one-way 

(e) Footings, bars, two- ways. 


16,000 lb. per sq. in. 

18,000 lb. per sq. in. 

18,000 lb. per sq. in. 

l8,000 lb. per sq. in. 

16,000 lb. per sq. in. 

Stress not calculated 

18,000 lb. per sq. iii. 

....... Same as Section 194 (a) and (6) 

16,000 lb. per sq. in. 

(See Section 168.) 

16,000 lb. per sq. in. 

(See Section 169. ) 

10,000 lb. per sq. in. 

(See Section 168.) 

0.04// 

0,05// 

0.04/c' 

0.05// 

Sections (c) or (d) reduced by 26 per cent. 


Kotation and Figures 

All symbols used in the Standard Specifications for Concrete and Reinforced Concrete have been 
collected here for convenience of reference. The symbols are in general defined in the text near the 
formulas in which they are used. In a few instances the same symbol is used in two distinct senses, 
lowovor, there is little danger of confusion from this source. 


Notation 

a ■■ width of face of column or pedestal; 
a «■ angle between inclined web bats and longitudinal bars; 
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A « total net area of column, footing, or pedestal, exclusive of fireproofing: 

A' = loaded area of pedestal, pier, or footing; 

:ss A (1 — p) net area of concrete core of column (core area minus area of reinforcement); 
Ac' = net area of concrete in columns with lateral ties (total column area minus area of reinforce- 
ment); 

Aa ~ effective cross-sectional area of metal reinforcement in tension in beams or compression 
in columns; and the effective cross-sectional area of metal reinforcement which crosses 
any of the principal design sections of a flat slab and which meets the requirements of 
Section 153; 

Av *= total area of web reinforcement in tension within a distance of s (si, sn, etc.), or the total 
area of all bars bent up in any one plane (see Fig. 9) ; 
b = width of rectangular beam or width of flange of T-beam; 
b' «= width of stem of T-beam; 

bi dimension of the dropped panel of a flat slab in the direction parallel to h]'^ 
c = base diameter of the largest right circular cone which lies entirely within the column 
(including the capital) the vertex angle of which is 90° and the base of which is ll'a 1^* 
below the bottom of the slab or the bottom of the dropped panel (see Fig. 14) , 
c = projection of footing from face of column; 

G == total compressive stress in concrete; 

C' = total compressive stress in reinforcement; 

d =» depth from compression surface of beam or slab to center of longitudinal tension reinforce- 
ment; 

d' »= depth from compression surface of beam or slab to center of compression reinforcement; 

Ec == modulus of elasticity of concrete in compression; 

Ea s® modulus of elasticity of steel in tension ~ 30,000,000 Ib. per sq. in. ; 
fc = compressive unit stress in extreme fiber of concrete; 

s=z ultimate compressive strength of concrete at age of 28 days, based on tests of 6 by 12-in. 
or S by 16-in. cylinders made and tested in accordance with the “Standard Methods of 
Malung and Storing Specimens of Concrete in the Field” and the “Tentativ(‘Methoda 
of Maldng Compression Tests of Concrete”; 

fr =w compressive unit stress in. metal core; 

fa «= tensile unit stress in longitudinal reinforcement; 

// *= compressive unit stress in longitudinal reinforcement; 
fv » tensile unit stress in wob reinforcement; 

F — total tension in a bar; 
h =» unsupported length of column; 

I « moment of inertia of a section about the neutral axis for bending; 
j = ratio of lever arm of resisting couple of depth, d; 
jd = d z ^ arm of resisting couple; 
h « ratio of neutral axis to depth, d\ 

I « span length of beam or slab (generally distance from cont(‘r to center of supports; for 
special cases, see Sections 106 and 146); 

I span length of flat slab, center to center of columns; in the rectangular direction in which 
moments are considered 

Zi « span length of flat slab, center to center of columns, perpendicular to the rectangular direc- 
tion in which moments are considered;* 

Jlif »= bending moment or moment of resistance in general; 

Mo « sum of positive and negative bending moments in either rectangular din?ction, at the prin- 
cipal design sections of a panel of a flat slab; 

jp 

w, B= ratio of modulus of elasticity of steel to that of concrete; 

Ee 

So a® sum of perimeters of bars in one set; 

p «> ratio of effective area of tension rcunforceincmt to effective area of concr<*t<' in became « 

and the ratio of effective area of longitudinal rcinforccincnt to the area of the concrete 
core in columns; 

p' =» ratio of effective area of compression reinforcement to effective ar(‘a of concr<‘te in beams; 
P total safe axial load on column the ^ of which is less than 40; 

P' a» total safe axial load on long column; 


* In flat-slab design, the column strip, and the middle strip to b(^ usc‘d when considenng moments in 
the direction of tho dimension, i, are located and dimensioned as shown in Fig. 15. The dimension, h, 
does not always represent the short length of the jpanefl. When moments in the direction of the shorter 

S anel length are considered, tho dimensions, I and h, are to be interchanged and strips corresponding tu 
lose shown in Fig, 15, but extending in the direction of the shorter panel length, are to be considered. 
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Q = ratio of the average to the maximum bond stress computed by Formula (34) withiii the 
distance, y; 

r = ratio of cross-sectional area of negative reinforcement which crosses entirely over the 
column capital of a fiat slab or over the dropped panel, to the total cross-sectional area 
of the negative reinforcement in the two column strips; 

Ta = permissible working stress in concrete over the loaded area of a pedestal, pier, or footing; 

E = ratio of positive or negative moment in two column strips or one middle strip of a flat slab, 
to ilfo; 

E = least radius of gyration of a section; 

a =s= spacing of web members, measured at the plane of the lower reinforcement and in the direc' 
tion of the longitudinal axis of the beam; 

t — thickness of flange of T-beam; 

ti = thickness of flat slab without dropped panels or thickness of a dropped panel (see Fig. 14); 

is = thickness of flat slab with dropped panels at points away from the dropped panel (see 
Fig. 14); 

T ™ total tensile stress in longitudinal reinforcement; 

u = bond stress per unit of area of surface of bar; 

V == shearing unit stress; 

V = total shear; 

w = uniformly distributed load per unit of length of beam or slab; 

w == upward reaction per unit of area of base of footing; 

v/ =« uniformly distributed dead and live load per unit of area of a floor or roof; 

W — total dead and live load uniformly distributed over a single panel area; 

X = length of bar added for anchorage, including the hook, if any; 

y = distance from the point at which the tension is computed to the point of beginning of 
anchorage; 

s « depth from compression surface of beam or slab to resultant of compressive stresses. 
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Figures 


For explanation of symbols used in figures, see tlie foregoing notation. 



Fig-. 1. — Nomenclature for concrete beam reinforced for tension. 



Fig. 2. — Nomenclature for concrete beam reinforced for tension and compression. 
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Fig, 4. Typical reinforced concrete beam; principal longitudinal bars without special 

anchorage. 



Kra. 5. — Typical reinforced concrete beam; special anchorage of longitudinal bars. 


8 



i 

Series of 
vertical stirrups’ 

B 

Series of inclined 
bars or stirrups 


Fig, 6 . — Typical reinforced concrete beam without special anchorage; web reinforced 
by means of series of vertical stirrups or series of inclined bars or stirrups. 
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; ^Not leas than 16 ® 

^Not less than 15 * 
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Bars bent up in 
^ single plane. 
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Fxg. 7* — Typical reinforced concrete beam; principal longitudinal bars bent up in single 

plane. 
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Fio. 8. — Typical reinforced concrete beam with anchored longitudinal bars and vertical 

stirrups. 



'Fig. 9. — Typical beam with web reinforced by means of series of imdiried liars. 



Fig. 10. — Typical beam with web reinforced by means of bars bent up in a single plane. 
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J?ia. 13. — Typical reinforced concrete beam-and-tile construction. 
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Fig. 15. — Principal design sections of a flat, wlaV). 





Fxu. 16.'— -Typical sloped reinforced 
concrete footing on piles* 


Fig. 17. — Typical sloped reinforced 
concrete footing on soil. 
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Building Regulations for Reinforced Concrete 

Report of CorTiniittoe E— 1 on Reinforced Concrete Building Design and Specifications amended and adopted as a 
tentative standard at the Twenty-fourth Annual Convention of the American Concrete Institute, Feb. 29, 1928, 
and adopted as a tentative standard by the Reinforcing Steel Institute at the Fourth Annual Meeting, March 19, 
1928. 

Introduction. These regulations have been prepared for use as a part* of a general building code. When so 
used, it is necessary that the following definitions, which give the meaning of certain terms as used in the regulations, 
become a part of the code. They should appear either in a general chapter in the code relating to definitions or in 
a chapter by themselves preceding these regulations for the use of reinforced concrete; 

Definitions 

Aggregate. — Inert material which is mixed with Portland cement and water to produce concrete; in general, 
aggregate consists of sand, pebbles, gravel, crushed stone, blast-furnace slag, or similar materials. 

Anchorage. — The embedment in concrete of a portion of a reinforcement bar, either straight or with hooks, 
designed to prevent pulling out or slipping of the bar when subjected to stress. (The anchorage of tension reinforce- 
ment in beams includes only the embedded length beyond a point of contraflexure or of zero moment.) 

Blast-furnace Slag. — The non-metallic product, consisting essentially of silicates and alumino-silicates of lime, 
which is developed simultaneously with iron in a blast furnace. 

Column. — An upright compression member the length of which exceeds three times its least lateral dimension. 

Column Capital. — An enlargement of the upper end of a reinforced-concrete column designed and built to act 
as a unit with the column and flat slab. 

Column Strip. — A portion of a flat slab panel one-half panel in width occupying the two quarter-panel areas 
outside of the middle strip. (See Middle Strip.) 

Add also definition as follows: 

Combination Column. — A column in which a structural steel section, designed to carry the principal part of the 
load, is wrapped with wire and encased in concrete of such quality that some additional load may be allowed. 

Composite Column. — A <5olumn in which a concrete core enclosed by spiral reinforcement and urther rein- 
forced by longitudinal bars encases a structural steel or cast-iron column designed to carry a portion of the load. 

Concrete. — A mixture of portland cement, fine aggregate, coarse aggregate and water. (See Mortar.) 

Consistency. — A general t(»rrn used to designate tho relative plasticity of freshly mixed concrete or mortar. 

Crushed Stone. — B(‘dded rock or boulders, which have been broken by mechanical means into fragments of 
varying shapes and sizes. 

Bead Load, — Tho weight of tho permanent parts of the structure. 

Deformed Bar. — Reinforcement bars with closely spaced shoulders, lugs or projections formed integrally with 
the bar during rolling so as to firmly engage tho surrounding concrete. Wire mesh with welded intersections not 
farther apart than 12 in. in the direction of the principal reinforcing and with cross-wires not smaller than No. 10 
may bo rated as a deformed bar. 

Diagonal Band. — In a four-way flat-slab system a group of bars covering a width approximately 0.4 the average 
span, symmetrical with respect to the diagonal running from corner to corner of the panel. 

‘ Diagonal Direction, — A direction parallel or approximately parallel to the diagonal of the panel of a flat slab. 

Direct Band.-— In a four-way fiat-slab system, a group of bars covering a width approximately 0.4 Zj, sym- 
metrical with riispoot to tho lino of centers of supporting columns. 

Dropped Panel. — The structural portion of a flat slab which is thickened throughout an area surrounding the 
column capital. 

Effective Area of Concrete.— The area of a section which lies between the centroid of the tension reinforcement 
and the compression surface in a beam or slab, and having a width equal to the width of the rectangular beam or 
slab, or the effeetivo width of tho flange of a Tee Beam. 

Effective Area of Reinforcement. — The area obtained by multiplying the right cross-sectional area of the metal 
reinforcement by tho cosine of tho angle between its direction and that for which the effectiveness of the reinforce- 
ment is to bo determined, 

Elat Slab. — A reinforced-concrete slab generally without beams or girders to transfer the loads to supporting 
members. 

Footing. — A structural unit used to distribute wall or column loads to the foundation materials. 

Gravel. — Rounded particles larger than sand grains resulting from the natural disintegration of rocks. (See 
Sand,) 


1567 



1568 


HANDBOOK OF BUILDING CONSTRUCTION 


LaitaaC6> — Extremely fine material of little or no hardness which may collect on the surface of freshly deposited 
oonerete or mortar, resulting from the use of excess mixing water, usually recognized by its relatively light color 

Live Load. — Loads and forces other than the dead load. 

Middle Strip. — A portion of a flat-slab panel one-half panel in width, symmetrical with respect to the panel 
center line and extending through the panel in the direction in which moments are being considered. 

Mortar. — A mixture of Portland cement, fine aggregate, and water, (Sec Concrete.) 

Negative Bending Moment— That moment which exists between a support of a slab or beam and the point of 
inflection on either side of the support. 

Negative Reinforcement. — Reinforcement so placed as to take tensile stress due to negative bending moment. 

Paneled Ceiling. — A paneled ceiling refers to a flat slab in which approximately that portion of the area enclosed 
within the intersection of the two middle strips is reduced in thickness. 

Panel Length. — The distance in either rectangular direction between centers of two columns of a panel. 

Pedestal. — An upright compression member whose height docs not exceed three times its h'ast lateral 
dimension. 

Pedestal Footing. — A column footing projecting less than one-half its depth from the faces of the column on ail 
sides and having a depth not more than three times its least width 

Plain Concrete. — Concrete without metal reinforcement. 

PorHiland Cement. — The product obtained by finely pulverizing clinker produced by calcining to incipient 
fusion an intimate and properly proportioned mixture of argillaceous and calcareous materials, with no additions 
subsequent to calcination excepting water and calcined or uncalcined gypsum. 

Positive Bending Moment. — That moment which exists at all other points in beams or slabs (‘.xcept where 
negative moment exists. 

Positive Reinforcement. — Reinforcement so placed as to take tensile stress due to positive bending moment. 

Principal Design Section. — The vortical sections in a flat slab on which the moments in the rectangular direc- 
tions are critical. (See Sec. 1002.) 

Ratio of Reinforcement — The ratio of the effective area of the reinforcement cut by a section of a beam or slab 
to the effective area of the concrete at that section. 

Rectangular Direction. — A direction parallel to a side of the panel of a flat slab. 

Reinforced Concrete. — Concrete in which metal is embedded in such a manner tliat the two materials act 
together in resisting forces. 

Sand. — Small grains resulting from the natural disintegration of rocks. (Sec Gravel.) 

Screen.-*-A metal plate with closely spaced circular perforations. (Sec Sieve.) 

Sieve. — Woven wire cloth with square opening. (Sec Screen.) 

Strut. — A compression member other than a column or pedestal. 

Surface Water, — By the term “surface water” is meant all water carried by the aggregate except that held 
within the aggregate particles themselves by absorption. 

Wall Beam. — A reinforccd-concrete beam which extends from column to column along tlio outer edge of a wall 
panel. 

Water -cement Ratio, — By the watcr-cement ratio is meant the total quantity of water entering th(‘ mixture 
including the surface water carried by the aggregate, expressed in terms of the quantity of e<‘m<‘nt. The water- 
cement ratio shall be expressed in 11. S. gallons per sack (94 lb.) of cement. 

TENTATIVE BUILDING REGULATIONS FOR REINFORCED CONCRETE^ 

CHAPTER 1 
GENERAL 

101. Scope. — (a) These regulations cover the use of reinforced concrete in any strxicture to be erected under 
the provisions of the building code of which they form a part. They ar(‘ intended to supplement the general pro- 
visions of the code in order to provide for the proper design and construotion of strucJtures of this mat(»rial. In all 
matters pertaining to the design and construction whore these specific regulations are in conilict with other pro- 
visions of the code, these regulations shall govern. 

102. Permits and Drawings. — (a) Drawings and typical details of all rt'inforcc‘d-eonert‘te ctinstruetion showing 
the sizes and position of all structural members, metal roinforcenumt, and th<* livt^-load used in tlu^ diiisign shall be 
filed with the department as a permanent record before a permit to construct hikjIi work shall be issued. AU calcula- 
tions made may be required by tho department to be submitted with the drawings. 

103. Special Systems of Reinforced Concrete. — (a) Tho sponsors of any system of rt'inftirced oonoreto which 
has been in successful use, or the adequacy of which ha.s been shown by test, and the design of which is either in 
conflict with those provisions or not covered by them, shall have the right to present the data on which their design 
is based to a “Board of Examiners for Special Construction.” This Board shall bo compoB(*d of conijietent engi- 
neers, architects, and builders. Tho Board shall have the power to inve.stigat(^ the data so submitted and to formu- 
late rulings governing the design and construction of such systems, which ruling shall be of the same force and effect 
as the provisions of this code. This Board is to bo designated as provided elsewhere in the codei. 

I The report of Committee E-1, Reinforced-Concrete Building Design and Specifications, carrying proposed 
building regulations for reinforced (•oncr(‘te is here published as amended on the floor of the convention, Feb. 29, 
192S. As amended this n'port was adopted as Tentative Building Regulations for Reinforced Concrete (E-l A-28T), 
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CHAPTER 2 

MATERIALS AND TESTS 

201. Tests. — (a; The tests called for in these regulations when ordered in accordance with the provisions of 
this chapter by the commissioner of buildings or his authorized representatives shall be arranged for by the owner 
or his representative. No responsibility for the expense of these tests shall attach to the department of buildings 
Such tests shall be made in accordance with the standard method of test covering the particular material under 
consideration, of the American Society for Testing Materials in effect on the date of the adoption of these regulations, 
except as noted herein. 

(6) All such tests shall be made by competent persons. The competency of the persons making the tests shall 
be judged by their training and experience. The commissioner of buildings may disapprove for just cause those 
whose records show technical incompetency. Copies of the results of all tests shall be kept on file in the office of the 
commissioner of buildings for a period of two years after the acceptance of the structure. Tests shall be made on 
any material entering into concrete or reinforced-concretc construction when there is reasonable doubt as to its 
suitability for the purpose. • 

(c) The commissioner of buildings or his authorized representative shall have the right to require reasonable 
tests of the concrete from time to time to determine whether the materials and methods in use are such as to produce 
concrete of the necessary quality. Specimens for such tests shall be taken at the place where concrete is being 
deposited, and shall be taken, cured, and tested in accordance with the “Standard Method of Making Compression 
Teats of Concrete" (Serial Designation; C 39-27) of the -A-merican Society for Testing Materials. 

202. Load Tests. — (a) The commissioner of buildings or his authorized representative shall have the right to 
order the teat under load of any portion of a completed structure, when the conditions have been such as to leave 
reasonable doubt as to the adequacy of the structure to serve the purpose for which it was intended. Such tests 
shall not be required to be made on any concrete construction which is less than 60 days old. 

(fa) In such tests, the member or portion of the structure under consideration shall be subject to a superimposed 
load equal to one and one-half times the live load plus one-half of the dead load. This load shall be left in position 
for a period of 24 hr. before removal. If, during the test, or upon removal of the load, the member or portion of 
structure shows evident failure, such changes or modifications as are necessary to make the structure adequate for 
the rated ofepacity shall be made, or where lawful, a lower rating shall be established. The structure will be consid- 
ered to have failed to pass the test if within 24 hr. after the removal of the load the slabs or beams do not show' a 
recovery of at least 75 per cent of the maximum deflection shown during the 24 hr. wnile under load. 

203. Inspection. — {a) All concrete w-ork shall be inspected by the architect or engineer responsible for its design 
or by a competent representative responsible to the architect or the engineer. A record shall be kept of such 
inspection which shall cover the quality and quantity of concrete materials, including water, the mixing and placing 
of the concrete, and the placing of the reinforcing steel. The inspection record shall also include a complete record 
of tne progress of the work and of the temperatures, when these fall below 40®F., and of the protection given to the 
concrete while curing. These records shall be available for inspection by the commissioner of buildings at all times 
during the progress of the work and shall be preserved for 2 years after the acceptance of the structure. 

204. Portland Cement. — (a) Portland cement shall conform to the “Standard Specifications and Tests for 
Portland Cement" (Serial Designation: C 9-26) of the American Society for Testing Materials. 

205. Concrete Aggregates. — (a) Concrete aggregates shall consist of natural sands and gravels, crushed rock, 
crushed air-cooled blast-furnace slag, or other inert materials having clean, uncoated grains of strong and durable 
minerals. Aggregates containing soft, friable, thin, flaky, elongated, or laminated particles totaling more than 3 
per cent, or containing shale in excess of Ij-i per cent, or silt and crusher dust finer than the No. 100 standard sieve 
in excess of 2 per cent shall not be used. These percentages shall be based on the weight of the combined aggregate 
as used in the concrete. When all three groups of these deleterious materials are present in the aggregates, the 
combined amounts shall not exceed 5 per cent by weight of the combined aggregate. 

(fa) Aggregates shall not contain strong alkali or organic material which gives a color darker than the standard 
color wh(ui tested in accordance with the " Standard Method of Test for Organic Impurities in Sands for Concrete" 
(Serial Dt^signation; C 40-27) of the American Society for Testing Materials. 

(c) The maximum size of the aggregate shall be not larger than one-fifth of the narrowest dimension between 
forms of tlio member for which the concrete is to be used nor larger than three-fourths of the minimum clear spacing 
between reinforcing bars. By maximum size of aggregate is meant the clear space between the sides of the smallest 
square opening through which 95 per cent by weight of the material can be passed. 

206. Water. — («) Water used in mixing concrete shall be clean, and free from strong acids, alkalis, or organic 
materials. 

207. Metal Reinforcement. — (a) Metal reinforcement shall conform to the requirements of the “Standard 
Specifications for Billet-steel Concrete Reinforcement Bars" of Intermediate Graded (Serial Designation: A 15-14), 
or for “ Rail-fitecl Concrete Reinforcement Bars” (Serial Designation: A 16-14) of the American Society for Testing 
Materials. The provision in these specifications for machining deformed bars before testing shall be eliminated. 

(fa) Wire for concrete reinforcement shall conform to the requirements of the “ Standard Specifications for 

^ This recommendation is in accordance with “Commercial Standard No. 1 (New Billet-steel Concrete Rein- 
forcing Bars) ’’ of the U. S. Department of Commerce, which establishes the intermediate grade as the single stand- 
ard for billet-steel reinforcement. Until such time as existing stocks of structural and hard-grade billet-steel 
reinforcement, meeting the requirements of A. 8. T. M. Specification A 15-14 are exhausted, these grades may be 
used with the unit stresses specified in Sec. 307. 
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Cold-drawn Steel Wire for Concrete Reinforoeraent" (Serial Designation; A 82-27) of the American Society for 
Testing Materials. 

(c) Structural steel shall conform to the requirements of tue “ Standard Specifications for Structural Steel for 
Buildings" (Serial Designation: A 9-24) of the American Society for Testing Materials. 

(d) Cast-iron sections for composite or combination columns shall conform to Standard Specifications for 
Cast-Iron Pipe and Special Castings” (Serial Designation: A 44-04) of the American Society for Testing Materials. 

208. Storage of Materials. — (a) Cement and aggregates shall be stored at the work in a manner to prevent 
deterioration or the intrusion of foreign matter. Any material which has deteriorated or has been damaged shall 
be immediately and completely removed from the work. 


CHAPTER 3 

CONCRETE QUALITY AND WORKING STRESSES 

301. Concrete Quality.— (a) The working stresses for the design of reinforced-concrete structures shall be based 
upon the minimum ultimate 28-day strength of the concrete to be used in the structure in accordance with the values 
given in Sec. 306. All plans for which all parts of the structure were designed. The strength of concrete sub- 
mitted for approval or used on the work shall clearly show the strength of concrete shall be fixed in terms of the 
water-cement ratio in accordance with one of the following methods: 

(1) By established results for average materials, as provided in Sec. 302. 

(2) By specific test of materials for the structure, as provided in Sec. 303. 

(6) By the water-cement ratio is meant the total quantity of water entering the mixture including the surface 
water carried by the aggregate, expressed in terms of the quantity of cement. The water-cement ratio shall be 
expressed in U. S. gal, per sack (94 lb.) of cement. 

302. Water-cement Ratio for Average Materials. — (a) Where no preliminary tests of the materials to be used 
are made, the water-cement ratios shall not exceed the values in the following tabic. The mixes shown in the table 
are approximate only, and may require adjustment to give proper workability. 


Assumed Strength of Concrete Mixtures 


Water-cement ratio U. S. 
gallons per 94-pound sack of 
cement 

Approximate mix volume of 
Portland cement to sum of separate 
volumes of fine and coarse 
aggregate as measured dry plastic 
concrete 

Assumed compressive strengtn 
at 28 days in pounds per square 
inch 

SH 

1:7 

1500 


1:6 

2000 

m 

l:6M 

2500 

6 

* 

l:4H 

3000 

Moderately wet concrete 


1:0H 

1600 


1:5H 

2000 



2600 

6 

1:4 

3000 


Note: In interpreting this table, surface water contained in the aggregate must be included as part of the 
mixing water in computing the water-cement ratio. 


(6) During the progress of the work, a reasonable number of compression tests shall be made as may be re<iuired 
by the commissioner of buildings, but at least one specimen shall be tested for each 100 ou. yd. of concrete being 
placed. The tests shall be made in accordance with provisions of Sec. 304. Should the average 28-day strength fall 
below the minimum ultimate strength called for on the plans, the commissioner of buildings shall have the right to 
require a load test under the provisions of Sec. 202. 

303. Water -cement Ratio by Tests of Materials. — (a) Where the watei>oement ratios for the various strengths 
of concrete are to be established by tests, these tests shall be made in advance of the beginning of operations using 
the materials proposed and consistencies suitable for the work and in accordance with the ** Standard Method of 
Making Compression Tests of Concrete” (Serial Designation C 39-27) of the American Society for Testing Materi- 
als, including the provisions for curing in a moist room at 70®F, and testing wet. A curve representing the relation 
between the average 28-day strength of the concrete and water-cement ratio shall be established for a range of valudi 
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including all of the strengths called for in the plans. The tests shall include at least four different water-cement 
ratios and at least four specimens for each water-cement ratio- The water-cement ratio to be used in the structure 
shall be that corresponding* to a point on the curve established by these tests representing a strength of concrete 
15 per cent higher than the minimum ultimate strength called for on the plans and satisfactory evidence shall be 
submitted to show that these water-cement ratios are not exceeded. No substitution shall be made in the materials 
being used on the work without additional tests in accordance, herewith, to show the new water-cement ratios to 
be used. 

(i>) During the progress of the work, a reasonable number of additional 28-day compression tests may be 
required by the Commissioner of Buildings, but at least one specimen shall be tested for each 50 cu. yd. of concrete 
of any one strength, and not less than two specimens of each strength of concrete for any one day’s operation. 
Such tests shall be made in accordance with the provisions of Sec. 304, Should the average strengths of the control 
cylinders shown by these tests for any portion of the structure fall below the minimum ultimate 28-day strengths 
called for on the plans, the commissioner of buildings shall have the right to order a change in the mix or the water- 
cement ratios for the remaining portion of the structure and to require load tests as specified in Sec. 202 on the 
portions of the building affected. Should the average strengths shown by the cylinders cured on the job and tested 
subsequent to 28 days fall below the required strength, the commissioner of buildings shall have the right to require 
conditions of temperature and moisture necessary to secure the required strength. 

304. Field Tests of Concrete. — (a) Field tests of concrete, when required, shall be made in accordance with the 
"Standard Method of Making Compression Tests of Concrete” (Serial Designation C 39-27) of the American 
Society for Testing Materials with the following exceptions: 

(1) Two sets of samples of concrete for test specimens shall be taken as the concrete is being delivered at the 
point of deposit, care being taken to obtain a sample representative of the entire batch. 

(2) One set designated as control cylinders shall be placed under moist curing conditions at approximately 
70®F. within 24 hr. after molding and maintained therein until tested. 

(3) The second set, designated as job cylinders, shall be kept as near to the point of sampling as possible and 
yet receive the same protection from the elements as is given to the portions of the structure being placed. Speci- 
mens shall be kept from injury while on the work. They shall be sent to the laboratory not more than 7 days prior 
to the time of test and while in the laboratory shall be kept in the ordinary air at a temperature of approximately 
70«P. 

(6) All specimens and tests shall be made by a properly qualified person or testing laboratory, who shall 
furnish the commissioner of buildings with a report, certified in the presence of a notary public, showing the results 
of tests and stating that they were made in accordance with the provisions of this code. 

305. Concrete Proportions and Consistency. — (a) The proportions of aggregates to cement for concrete of any 
water-cement ratio shall be such as to produce concrete that will work readily into the corners and angles of the form 
and around the reinforcement without excessive puddling or spading and without permitting the materials to 
segregate or free water to collect on the surface. The combined aggregate shall be of such composition of sizes 
that when separated by the No. 4 standard sieve, the weight retained on the sieve shall not be less than one-third 
nor more than two-thirds of the total nor shall the amount of coarse material be such as to produce harshness in 
placing or honeycombing in the structure. When forms are removed, the faces and corners of the members shall 
show smooth and sound throughout. 

(6) The methods of measuring concrete materials shall be such that the proportion of water to cement can be 
accurately controlled during the progress of the work and easily checked at any time by the commissioner of build- 
ings or his authorized representative. 

306. Allowable Unit Stresses in Concrete. — (a) The unit stresses in pounds per square inch on the concrete to 
be used in the design shall not exceed the following values, where equals the minimum ultimate strength at 28 
days. 
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Allowable unit stresses 


When strength of concrete 

For any 

is fixed by the water- 

strength of 

cement ratio in 

concrete as 

accordance with Sec. 302 

fixed by test 




m accordance 




with Sec. 303 
30000 


A = 

Fc == 


2000 lb. 

2500 lb. 

3000 lb. 

fc 

)i = 1.5 

n = 12 

n = 10 

0.40/'c 

800 

1000 

1200 

0.45/', 

900 

112.5 

1350 

0.02A 

40 

50 

60 

0.03/'^ 

60 

75 

90 

0 06/'c 

120 

1.50 

180 

0.09A 

180 

225 

270 

0.03A 

60 

7.5 

90 

0.02r« 

40 

50 

60 

0.03/'c 

60 

75 

90 

0 04/'c 

80 

100 

120 

0.05A 

100 

125 

150 

0.03A 

60 

75 

90 

0.0375A 

75 

94 

112 

0.2.V'i- 

r>oo 

625 

7,50 

().22.VV 

^ 4.“>0 

.56.3 

67.5 

300 -f 0 . 14/V 

.580 

650 

720 

300 -f 0.1 8A 

mo 

750 

840 

300 + 0.22/'c 

740 

850 

960 

300 + 0.26/a 

820 

9,50 

1080 

300 -h 0.30/'o 

900 

1060 

1200 

300 + 0.34/'o 

980 

11,50 

1320 


DESCRIPTION 


Flexure: fc. 

Extreme fiber stress in compression (Jf.) 

Extreme fiber stress in compression adjacent to supports 
of continuous or fixed beams or of rigid frames (/«),. . 

Shear: v. 

Beams with no web reinforcement and without special 

anchorage of longitudinal steel (vc) 

Beams with no web reinforcement, but with special] 

anchorage of longitudinal steel (dc) 

Beams with properly designed web reinforcement, but] 
without special anchorage of longitudinal steel (v). 
Beams with properly designed web reinforcement and] 
with special anchorage of longitudinal steel (») . ... 

For conditions determining the use of greater shear 
values see Sec. 903(e). 

Flat slabs at distance d from edge of column cap Or drop 

panel (ve) 

Footings where longitudinal bars have no special anchor- 
age (fie) 

Footings where longitudinal bars have special anchorage 

(fic) 


Bond: u. 

In beams and slabs and one-way footings: 

Plain bars (u) 

Deformed bars (u) 

In two-way footings: 

Plain bars (u) 

Deformed bars (u) 

(Where special anchorage is provided S e. 9 )3), 
double these values in bond may bt* iw'd.) 

Bearing: f. 

Where a concrete member has an area at h'ast twice tlu‘ 
area in bearing (fe) 


Axial Compression: /c. 

In columns with lateral ties C/o) 

In columns with continuous spirals enolosing a circular 
core; I 

' P 


Ratio of longitudinal reinforcement 


0.01 

0 . 02 . 

0.03. 

0.04. 

0.05. 

0.06, 


(Spiral reinforcement not to be less than the 
longitudinal.) 


1 Unit stress in spirally reinforced columns “ [300 + (0.10 -h 4p)/'«jl. 
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307. Allowable Unit Stresses in Reinforcement. — (a) The following unit stresses in reinforcing steel shall not 
be exceeded. 

Tension : 

Intermediate grade billet steeU (/a) 

Rail steel bars . . . ... . (y^) 

Web reinforcement . . , . . . (y^.) 

Structural steel shapes . . ... . (y*) 

Other steel reinforcement 50 per cent of the yield point stress, but not to exceed . (/,) 

Compression: 

Bars .... 

Structural steel section in composite columns 

Cast Iron section in composite columns 

Sec Sec. 1106 for stresses in structural steel and cast iron not encased in concrete. 

Structural steel section m combination column, see Sec. 1107. 

CHAPTER 4 

MIXING AND PLACING CONCRETE 

401. Removal of Water from Excavation. — (a) Water shall be removed from excavations before concrete is 
deposited, unless otherwise directed by the commissioner of buildings. Any flow of water into the excavation shall 
be diverted through proper side drains to a sump, or be removed by other approved methods which will avoid 
washing the freshly deposited concrete. Water vent pipes and drams shall beflUed by grouting or otherwise, after 
the concrete has thoroughly hardened. 

402. Cleaning Forms and Equipment. — (a) Before placing concrete, all equipment for mixing and transporting 
the concrete shall bo cleaned, all debris and ice shall be removed from the places to be occupied by the concrete, 
forms shall be thoroughly wetted (except in freezing weather) or oiled, and clay or cement tile that will be in contact 
with concrete shall bo well drenched (except in freezing weather). Reinforcement shall be thoroughly cleaned of 
ice or other coatings. 

403. Inspection. — (a) Concrete shall not be^placed until the forms and reinforcement have been inspected by 
the architect or engineer responsible for the design or his authorized representative. 


Structural grade (/«) = 18,000 lb. per sq. m. 

Hard grade (fa) *= 20,000 lb. per sq. in. 


404. Mixing. — (a) The concrete shall be mixed until there is a uniform distribution of the materials and the 
mass is uniform in color and homogeneous. The mixer shall be of such type as to insure the maintaining of the 
correct proportions of the ingredients. The mixing shall continue for at least one minute after all the ingredients 
are in th(> mixer. 

405. Transporting. — (a) Concrete shall be handled from the mixer to the place of final deposit as rapidly as 
praotioable by nu'thods which will prevent the separation or loss of the ingredients. It shall be deposited as nearly 
as practicabh' in its final position to avoid rehandling or flowing. Under no circumstances shall concrete that has 
partially hardened b(‘ deposited in the work. 

(h) When concrete is conveyed by chuting, the plant shall be of such size and design as to insure a practically 
continuous flow in the chute. The slope of the chute shall be such as to allow the concrete to flow without separation 
of the ingredients. Tins delivery end of the chute shall be as close as possible to the point of deposit. When the 
operation is intermittent, the spout^ shall discharge into a hopper. The chute shall be thoroughly flushed with 
water before and after each run; the water used for this purpose shall be discharged outside the forms. 

406. Placing. — (a) When concreting is once started, it shall be carried on as a continuous operation until the 
placing of the H(‘Ction or panel is completed. Where construction joints are necessary, they shall be made in accord- 
ance with 8(‘c. 507. 

(h) Coner(‘t(' shall be thoroughly compacted by puddling with suitable tools during the operation of placing, 
and thoroughly workc'd around the reinforcement, around embedded fixtures, and into the corners of the forms. 

(c) Wh(‘r(' conditions make puddling difficult, or where the reinforcement is congested, batches of mortar 

containing tin' same proptortion of cement to sand used in*the concrete, shall first bo deposited in the forms and the 
()p(‘ration of filling with the regularly specified mix be carried on at such a rate that the mix is at all times plastic 
and flows readily into the spaces between the bars. ^ 

(d) A record shall be kept on the work of the time and date of placing the concrete in each portion of the struc- 
ture. Such r<'oord shall be kept until the completion of the structure and shall be open to the inspection of the 
oommissionef of buildings. 

407. Curing.'— (a) Exposed surfaces of concrete shall be kept moist for a period of at least? days after being 
deposited. In hot weather, exposed concrete shall be thoroughly wetted twice daily during the first week. 

408. Depositing in Cold Weather. — (a) When depositing concrete at freezing or near freezing temperatures, the 
concrete shall have a temperature of at least 50®F., but not more than 120°P. The concrete shall be maintained at 
a temperature of at least 50®F, for not less than 72 hr. after placing or until the concrete has thoroughly hardened. 
When necessary, concrete materials shall be heated before mixing. Dependence shall not bo placed on salt or other 

1 Until existing stocks of structural and hard grades of billet-steel reinforcement are exhausted, these grades, if 
conforming to the provision of Sec, 207, may be used with the following unit stresses; 


= 20,000 

lb. 

per 

sq 

in 

- 20,000 

lb. 

per 

sq. 

'in. 

= 16,000 

lb. 

per 

sq. 

in. 

= 18.000 

lb. 

per 

sq. 

in. 

= 20,000 

lb. 

per 

sq. 

in. 



..nfa 


, 15,000 

lb. 

per 

sq. 

in. 

9,000 

lb. 

per 

sq. 

in. 
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chemicals for the prevention of freezing. No frozen materials or materials containing ice shall be used. Manure 
shall not be applied directly to concrete when used for protection. 

CHAPTER 5 

FORMS AND DETAILS OF CONSTRUCTION 

501. Design of Forms. — (a) Forms shall conform to the shape, lines, and dimensions of the member as called 
for on the plans. They shall be substantial and sufficiently tight to prevent leakage of mortar; they shall be prop- 
erly braced or tied together so as to maintain position and shape and insure safety to workmen and passersby. 
Temporary openings shall be provided where necessary, to facilitate cleaning and inspection immediately before 
depositing concrete. 

502. Removal of Forms. — (a) The removal of forms shall be carried out in such a manner as to insure the 
complete safety of the structure. Where the structure as a whole is supported on shores, removable floor forma, 
beams and girder sides, column and similar vertical forms may be removed within 24 hr., providing the concrete has 
hardened sufficiently that it is not injured. In no case shall the supporting forms be disturbed until the concrete 
has hardened sufficiently to permit their removal with safety. Shoring shall not be removed until the member has 
acquired sufficient strength to support safely its weight and the load upon it. 

503. Cleaning and Bending Reinforcement. — (a) Metal reinforcement, before being placed, shall be free from 
rust scale or other coatings that will destroy or reduce the bond. Reinforcement shall be formed to the dimensions 
indicated on the plans. Cold bends shall be made around a pin having a diameter of four or more times the least 
dimension of the bar. 

(&) Metal reinforcement shall not be bent or straightened in a manner that will injure the material. Bars with 
kinks or bends not shown on the plans shall not be used. Heating of reinforcement for bending will not 
be permitted. 

504. Placing Reinforcement. — (a) Metal reinforcement shall be accurately placed and secured, and shall be 
supported by concrete or metal chairs or spacers, or metal hangers. The minimum center to center distance 
between parallel bars shall be two and one-half times the diameter for round bars or three times the side dimension 
for square bars; if the ends of bars are anchored as specified in Sec. 903, the center to center spacing may be made 
equal to two diameters for round bars or to two and one-half times the side dimension for square bars, but in no 
case shall the clear spacing between bars be less than 1 in., nor less than one and one-third times the maximum size 
of the coarse aggregate. Bars at the upper face of any member shall be embedded a clear distance of not less than 
one diameter, nor less than 1 in. 

505. Splices and Offsets in Reinforcement. — (a) In slabs, beams, and girders, splices of reinforcement shall not 
be made at points of maximum stress without the approval of the commissioner of buildings. Splices, where per- 
mitted, shall provide sufficient lap to transfer the stress between bars by bond and shear. In such splices, the bars 
shall be spaced at the minimum distance specified in Sec. 504. 

(6) Splices in column bars shall provide a lap of twenty-four diameters for deformed bars and thirty diameters 
for plain bars. 

(c) Where changes in the cross-section of a column occur, the longitudinal bar shall be sloped for the full 
length of the column or offset in a region where lateral support is afforded. Whore offset, the slope of the inclined 
portion from the axis of the column shall not bo more than 1 in 6. 

506. Protective Covering of Concrete. — (a) At those surfaces of footings and other principal structural members 
in which the concrete is deposited directly against the ground, metal reinforcememt shall have a minimum covering 
of 3 in. of concrete. At other surfaces of concrete exposed to the ground or weather, metal rcinforoement shall bo 
protected by not less than 2 in. of concrete. 

(b) In fire-resistive construction, metal reinforcement shall bo protected by not less than 1 in. of concrete in 
slabs and walls, and not less than in. in beams, girders, and columns, provided coarse aggregate is used, which 
is free from disruptive action under high temperatures, as, for example, limestone or trap rock; when impracticable 
to obtain aggregate of this grade, the protective covering shall be in. thicker and shall bo reinforced with metal 
mesh having openings not exceeding 3 in. placed 1 in. from the finished surface. In similar structures where the fire 
hazard is limited, the metal reinforcement shall not bo placed nearer the exposed surface than ^ in. in slabs and 
walls, or 1 in. in beams, girders, and columns. 

(c) Cement or gypsum plaster, in. or more in thickness (on metal lath weighing not lose than 2H lb. per sq. 
yd. when used vertically, nor less than 3 lb. per sq. yd. wlben used horizontally) may be substituted for a part of the 
protective covering of concrete, provided that only two-thirds of the thickness of the plaster be considered effective 
and the concrete protection shall in no case bo reduced to less than in. 

(d) Exposed reinforcement bars intended for bonding with future extensions shall be protected from corrosion. 

507. Construction Joints, (a) Joints not indicated on the plans shall bo so made and located as to least impair 
the strength of the structure. Whore a horizontal joint is to be made, any excess water and laitance shall bo removed 
from the surface after concrete is deposited. Before depositing of concrete is resumed, the hardened surface shall 
be cleaned and roughened and all weak concrete removed. 

(b) At least 2 hr. must elapse after depositing concrete in the columns or walls before depositing in beams, 
girders, or slabs supported thereon. Beams, girders, brackets, column capitals, and haunches shall be considered 
as part of the floor system and shall be placed monolithioally therewith. 

(c) Construction joints in floors shall be located near the middle of spans of slabs, beams, or girders, unless a 
beam intersects a girder at this point, in which case the joints in the girders shall be offset a distance equal to twice 
the width of the beam. In this last case provision shah be made for shear by use of inclined reinforcement. 
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CHAPTER 6 

DESIGN— GENERAL CONSIDERATIONS 

601. Assumptions. — (a) The design of reinforced-concrete members under these specifications shall be made 
with reference to working stresses and safe loads. The accepted theory of flexure as applied to reinforced concrete 
shall be applied to all members resisting bending involving the following assumptions: 

(1) The steel takes all tensile stress, ' 

(2) The ratio n of the modulus of elasticity of the steel to that of the concrete shall be taken as follows (applies 
also for compression members) : 

_ A?, 30,000 

” 1 , 000 /'. /'. 

602> Notation. — (a) The symbols and natation used in these regulations are defined as follows: 
a == width of face of column or pedestal; 
a = angle between inclined web bars and axis of beam; 

A = total area of top of pedestal, pier, or footing; 

A* = loaded area of pedestal, pier, or footing at the column base; 

Ac = area of core of spirally-hooped column measured to the outside diameter of the spiral; 

Ag = gross area of tied columns with lateral ties; 

At *« effective cross-sectional area of metal reinforcement in tension in beams or compression in columns; and 
the effective cross-sectional area of metal reinforcement which crosses any of the principal design 
sections of a flat slab and which meets the requirements of Sec. 1006, 1008, 1009, and 1010. 

A« => total area of web reinforcement in tension within a distance of s (measured perpendicular to the direction 
of the web reinforcement bar), or the total area of all bars bent up in any one plane; 

6 “* width of rectangular beam or width of flange of T-beam; 

b' *= thickness of web in beams of I or T sections; 

bi = dimension of the dropped panel of a flat slab in the direction parallel to h; 

C « diameter in feet of column capital of a flat slab at the underside of the slab, or dropped panel. No 

portion of the column capital shall be considered for structural purposes which lies outside of the 
largest 90-deg. cone that can be included within the outlines of the column capital; 
c projection of footing from face of column or pedestal; 

d •=» depth from compression surface of beam or slab to center of longitudinal tensile reinforcement; 

Be ““ modulus of elasticity of concrete in compression; 

Ba ==> modulus of elasticity of steel in tension or compression = 30,000,000 lb. per sq. in.; 

fe «« compressive unit stress in extreme fiber of concrete in flexure or axial compression in concrete in columns; 

Pc *" ultimate compressive strength of concrete at age of 28 days; 

fr =» compressive unit stress in metal core; 

fa «= tensile unit stress m longitudinal reinforcement; 

/v =» tensile unit stress in web reinforcement; 
h “ unsupported length of column; 

X «« moment of inertia of a section about the neutral axis for bending; 

I esj span length of beam or slab (generally distance from center to center of supports; for special cases see 

Secs. 702 and 1005; 

I m span length of flat-slab panel (usually expressed in feet) center to center of columns, in the direction in 
which moments are considered (see Sec. 1003); 

« span length of flat slab, center to center of columns, perpendicular to the rectangular direction in which 
moments are considered; 

M ■“ bending moment or moment of resistance in general; 

Mo s- sum of positive and negative bending momenta at the principal design sections of a panel or a flat slab 
(see Sec. 1003); 

n m Bt/Bc “■ ratio of modulus of elasticity of steel to that of concrete; 

So ■■ sum of perimeters of bars in one sot ; 

p ■" ratio of effective area of tensile reinforcement to effective area of concrete in beams == At/bdi and the 
ratio of effective area of longitudinal reinforcement to the area of the concrete core in columns; 
P(i “ permissible unit stress on pedestal, pier, or footing when the full area is loaded; 

P w* total safe axial load on column whose length docs not exceed 11 times its least cross-sectional dimension; 
P' »■ total safe axial load on long column; 

■■ permissible unit working stress in concrete over the loaded area of a pedestal, pier, or footing; 

R »» least radius of gyration of a section; 

8 «*• spacing of stirrups measured perpendicular to the direction of the stirrup; 

t “■ thickness of flange of T-beam; 

ti m thickness of flat slab without dropped panels; or the thickness of flat slabs, including dropped panels 

where one is used; 

h « thickness of flat slab with dropped panels at points away from the dropped panel; 
u tm bond stress per unit of area of surface of bar; 

V shearing unit stress; 

Oo « unit shearing stress permitted on the concrete of the web; the value depending on the anchorage of the 
longitudinal reinforcement; 
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V ~ total shear; 

V' = excess of the total shear over that permitted on the concrete; 

w = uniformly distributed load per unit of length of beam or slab; 

w — upward reaction per unit of area of base of footing; 

w' = uniformly distributed dead and live load per unit of area of a floor or roof (in flat slabs usually expressed 
in pounds per square foot) ; 

W = total dead and live load uniformly distributed over a single panel area (in flat slabs usually expressed in 
pounds and includes the dead weight of any raised or depressed portions) . 

603. Design Loads. — (a) The provisions for design herein specified are based on the assumption that all struc- 
tures shall be designed for all dead and live loads coming upon thorn, the live loads to be in accordance with the 
general requirements of the building code of which this forms a part, with such reductions for girders and lower 
story columns as are permitted therein. * 

604 Wind Loads. — (a) Provisions shall be made for wind loads in accordance with the general provisions of 
the code of which this forms a part. In designing the members to resist wind loads, the allowable unit stresses for 
dead and live loads and wind loads may be increased to 150 per cent of the allowable values specified in Secs. 306 
and 307, but the section shall not be less than that required if the wind load be neglected. 

CHAPTER 7 

FLEXURAL COMPUTATIONS AND MOMENT COEFFICIENTS 

701. Forigiulas for Flexure. — (a) Computations of flexural resistance of rcinforced-concrote beams and slabs 
shall be based on the assumptions of Sec. 601. The customary formula.^* or their equivalent shall be used. 

702. Span Length. — (a) The span length of freely supported beams and slabs shall bo the clear span plus the 
depth of beam or slab, but shall not exceed the distance between centers of the supports. 

(b) The span length for continuous or restrained beams built to act integrally with supports shall be the clear 
distance between faces of supports, 

(c) For continuous or restrained beams having brackets built to act integrally with both beam and support 
and of a width not less than the width of the beam and making an angle of 45 deg. or more with the horizontal, the; 
span shall be measured from the section where the combined depth of the beam and bracket is at lea.st one-third 
more than the depth of the beam. No portion of such a bracket shall bo considered as adding to the effective depth 
of the beam. Brackets making an angle of loss than 45 deg. with the horizontal may be considered as increasing the 
effective depth of the beam, but not as decreasing the span length. 

(d) Maximum negative moments are to be considered as existing at the ends of the span, as d(‘fined above. 

703. Depth of Beam or Slab. — (a) The depth of the beam or slab shall be taken as the distance from the centroid 
of the tensile reinforcement to the top surface of the structural slab. Any floor finish not placc'd monolithic with 
the floor slab shall not bo included as a part of the structural member. When the finish is plac(‘d monolithic with 
the structural slab in buildings of the warehouse or industrial class where the finish is subj(‘ctc‘d to unusual wear from 
trucking or other causes, there shall be placed an additional depth of >2 in. over that used in the design of the member. 

704. Point of Infection. — (a) For the purpose of those regulations, th(' point of inflection in beams and slabs of 
equal spans symmetrically loaded shall bo assumed to be located at the fifth point of the span a.s dedim'd in Sec. 702. 

705. Distance between Lateral Supports. — (a) The clear distance between lateral supports of a Ix'am shall not 
exceed 32 times the least width of compression flange. 

706. Requirements for T-beams, — (a) In T-beam construction the slab shall be built int(‘grally with the beam. 
The effective flange width to bo used in the design of symmetrical T-bcams shall not ex(!e(*d om^-fourth of the span 
length of the beam, and its overhanging width on either aide of the web shall not exee(‘d eight times the thickness 
of the slab nor one-half the clear distance to the next beam. 

(6) For beams having a flange on one aide only, the effective* overhanging flange width shall not ('xooed one- 
twelfth of the span length of the beam, nor six times the thickn(*sa of the slab, nor one-half the eh'ar distanee to the 
next beam. 

(c) Where the principal reinforcement in a slab which is considered as the flange* of a T-b<*am (m>t a rib in 
ribbed floors) is parallel to the beam, transverse reinforcement shall be providt'd in tlm top of tin* slab. This 
reinforcement shall be designed to carry the load on the portion of the slab asKumed as the flange of th(^ T-boam. 
The spacing of the bars shall not exceed five times the thicknesB of the flang<*, or in any cases 18 in. 

(d) Provision shall bo made for the oompressive .stress at the support in coutimK)UK T-lx'am eonstructiou, 
care being taken that the provisions of Boo. 504, relating to tin* spacing of bars, and 406(c), r(‘lating to the placing 
of concrete shall bo fully met. In no case shall tin* area of stet*! in compression at any>croHH-H(*ction adjacent to tin* 
support exceed 2 per cent of the cross-sectional area of the stem of the b(‘am in that seetion. 

(e) The overhanging portion of the flange of the beam shall iiiot be considered as cfTcetivc in Ooinputing the 
shear and diagonal tension resistance of T-beama. 

(/) Isolated beams in which the T-form is used only for purpose of providing additional compression area, 
shall have a flange thickness not loss than one-half the width of the web and a total flange width not more than four 
times the web thickness. 

707. Ribbed Floor Construction., (a) Ribbed floor construction includes floor systems of ribs and slabs 
placed monolithically in which the ribs are not farther apart than 36 in. face to face. The ribs shall be straight, 
not less than 4 in. wid(‘, nor of a depth more than three times the width. 

(b) Whore removable forms or fillers not complying with (c) are used the thickness of the oonoret<‘ slab .‘^hall 
not be loss than une-twelfth of the clear distance between ribs and in no case less than 2 in. 
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(c) When burned clay or cement tile are used and concrete is placed on the top of such tile, it shall not be less 
than IH in. in thickness, nor less than one-twelfth of the clear distance between ribs. When the tile are so placed 
that the joints in alternate rows are staggered, the webs of the tile in contact with the ribs may be included in calcu- 
lations involving shear or negative bending moment. No other portion of the tile may be included in design 
calculations. 

(d) Where the floor is subject to impact from moving loads, or to wear, the slab thicknesses shall be increased 
1-2 in. If a floor or covering 3-2 in. or more in thickness, not included in the structural slab, is used for a wearing 
surface, no increase need be made. 

(c) Where the slab contains conduits or pipes, the thickness shall not be less than 1 in. plus the total overall 
depth of such conduits or pipes at any point. Such conduits or pipes shall be so located as not to reduce the 
strength of the construction. 

(/) Shrinkage reinforcement in the slab must be provided as reqmred in Sec. 712 

708. Moment CoeflEicients for Freely Supported or Slightly Restrained Continuous Beams or Slabs of Approxi- 
mately Equal Span; Uniform Load. — {a) Beams and slabs of approximately equal spans freely supported or built 
to act integrally with beams, girders, or other slightly restraining support, or beams and slabs built into bnck or 
masonry walls in a manner which develops only partial end restraint, and carrying uniformly distributed loads 
.shall be designed for the following moments at critical sections: 

(1) Beams and slabs of one span, 


Positive moment near center, 

M = 

(2) Beams and slabs continuous for two spans only, 

Positive moment near center, 

M = 

Negative moment over interior support, 

M = 

(3) Beams and slabs continuous for more than two spans. 

Positive moment near center and negative moment at support of interior spans, 

M = 

12 


lol- 

~8 

(1) 

wl^ 

(2) 

10 

wl^ 

T 

(3) 


(4) 


Positive moment near centers of end spans and negative moment at first interior support, 

wl^ 

io 


M 


(5) 


t4) Negative moment at end supports for cases (1), (2), and (3) of this section, 

^72 

M — not less than (6) 

700. Moment Coefficients for Fully Restrained Continuous Beams or Slabs of Approximately Equal Span; 
Uniform Load. — (a) Hc'ams and slabs of approximat(‘ly equal spans built to act integrally with columns, walls, or 
other restraining supports and assunied to carry uniformly distributed loads, shall (except as provided in Sec. 708) 
be designed for tht' following momenta at critical sections; 

(1) Int<^rior spans; 

Negativ(‘ moment at interior supports except the first, 

-vd- 
' 12 

P<)sitiv(' monx'iit ru^ar eeiiters of interior spans, 

wl^ 

’’ 16 

(2) Bud spans of eontinuouH beams or slabs, and beams or slabs of one span; 

Where I /I is h'ss tliarj twice the sum of the values of I/h for the exterior columns above and below 

which are built into the beams: 

Positive niouKuit near Cf'nt<T of span and negative moment at first interior supports, 

M = “f (9) 

Negative mom<‘nt at PKtpriar supports, 

M - ( 10 ) 


M ^ 


M 


(7) 


( 8 ) 


Whore X/l is (Hiual to or greater than twice the sum of the values of T/h for the exterior column above 
and below which are built into the beams: 

Positive moment near center of span and negative moment at first interior support, 

M = ( 11 ) 


Negative moment at exterior support, 


M - 


16 


(12; 
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(b) In this section, I represents the moment of inertia which, for those calculations, shall be computed on the 
assumption that the member is homogeneous, neglecting the reinforcement, but including that portion of the 
concrete section outside of the reinforcement which*is ordinarily considered as fireproofing. I and h are the span 
length and column height, respectively, as defined in Secs 702 and 1102, 

710. Moment Coefilcients for Continuous Beams or Slabs of Unequal Span or with Non-uniform Loads. — 
(a) Continuous beams with substantially unequal spans, or with other than uniformly distributed loading, whether 
freely supported or restrained, shall be designed for the maximuna moments resulting from the most severe probable 
combination of loading and restraint. Provision shall be made where necessary for negative moment near the 
center of short spans which are adjacent to long spans, and for the negative moment at the end supports, if restrained 

711. Compression Steel in Flexural Members. — (a) Where it is necessary to introduce steel in compression in 
girders, beams, or slabs, such steel shall be thoroughly anchored by ties or stirrups not less than I'i in. in size which 
shall be spaced not more than 8 in. apart over the distance where the compression steel is required. 

712. Shrinkage and Temperature Reinforcement. — (a) Reinforcement for shrinkage and temperature stresses 
normal to the principal reinforcement shall be provided in floor and roof slabs where the principal reinforcement 
extends in one direction only. Such reinforcement shall provide for the following minimum ratios of reinforcement 
area to concrete area, but in no case shall such reinforcing bars be placed farther apart than five times the slab 
thickness nor more than 18 in : 


Floor slabs where plain bars are used 

Floor slabs where deformed bars are used 

Floor slabs where wire fabric is used, having welded intersections not farther apart in the direction of 

stress than 12 in 

Roof slabs where plain bars are used 

Roof slabs where deformed bars are used 

Roof slabs where wire fabric is used, having welded intersect lon.s not farther apart in the direction of 
stress than 12 in 


0.0025 

0.002 

0.0018 

0.003 

0.0025 

0.0022 


713.1 Floors Reinforced in Two Directions. — (a) Concrete floors supported on four sides by beams, girders, or 
walls, and reinforced in two directions, shall be designed as follows, using moment cofficients given in Secs. 
708, 709, and 710 as required, except as indicated under (e). 

(6) If the length of the slab exceeds one and one-half times its width, the entire load shall be carried in the short 


direction, 

(c) In case of square panels and uniformly distributed load, one-half the live and dead load may bo assumed as 
being resisted by each cross-band. 

(d) In rectangular panels of length L and breadth B, the portion of the load which sliall be assumed as being 


supported by the slab in the short direction shall be 


equal to 




times the total load. 


The remainder of the 


load shall be assumed as being supported by the slab in the long direction. The reinforcement in the long direction 
shall in no case be less than that specified in Sec. 712 for shrinkage and temperature reinforcement. 

(e) In placing the reinforcement account may be taken of the facts that the moment is less in the portions of the 
band which are adjacent and parallel to the supporting beams. In the one-quarter width of band parallel and 
adjacent to the beams, the computed moment may be reduced 50 per cent. 

(/) Beams supporting such slabs shall be assumed to take the portion of the load as determined in (6) , (o) , or 
(d) without advantage of any reduction in live load permitted in other sections of thi.s code. The total load for 
each beam shall be assumed as uniformly distributed. 

714. Maximum Spacing of Principal Slab Reinforcement. — (a) In slabs other than ribbed floor construction 
or flat slabs, the principal reinforcement shall not be spaced farther apart than three times the slab thickness, nor 
shall the ratio of reinforcement be less than specified in Sec. 712 (a). 


CHAPTER 8 


SHEAR AND DIAGONAL TENSION 


801, Shearing TTnit Stress. — (a) The shearing unit stress 
by formula (14) : 


V 


8F 

7bd 


(V) 


in roinforced-conorete beams shall be computed 

(14) 


When the value of the shearing unit stress computed by formula (14) exceeds the unit shearing stress (r<,) 
permitted on the concrete of the web (see 306 a), web reinforcement shall bo provided to carry the excess, 

(6) For beams of JT or T section b' shall bo substituted for b in formula (14). 

(c) In tile and joist construction, b may be taken as a width equal to the thickness of the concrete web plus the 
thickness of the vertical webs of the concrete or clay tile in contact with the joist as in See. 7Q7c. 

802. Types of Web Reinforcement. — (a) Web reinforoement may consist of; 

(1) Vertical stirrups or wob-reinforcing bars; 

(2) Inclined stirrups or web-reinforoing bars forming an angle of 30 deg. or more with the axis of the beam. 

(3) Longitudinal bars bent up at an angle of 15 deg. or more with the axis of the beam. 

1 The committee feels that this section may be too conservative. However, the* additional investigation neces- 
sary to determine proper design methods reqtiires more time than has been available, 
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(b) Stirrups or bent-up bars to be considered effective as web reinforcement shall be anchored at both ends, 
according to the provisions of Sec. 904. 

803. Stirrups. — (a) Area of steel required in stirrup shall be computed by formula (15). 


Av 


V'8 

UOOOd 


(15) 


804. Spacing of Stirrups. — (a) Where the shearing stress is not greater than 0.06/'c the distance s between two 
successive stirrups measured perpendicular to the direction of the stirrup shall not exceed and where unit 
shearing stress exceeds 0.06/'c, it shall not be greater than ^id. 

805. Bent -up Bars. — (a) Where there is a series of parallel bent-up bars at varying distances from the support, 
they shall be considered as inclined stirrups and the area required determined from formula (15). 

(h) Where bent-up bars in a single plane are used for web reinforcement, the required area of the bar shall be 
computed by formula (16). 

V' 

"" 16000 afn a 


(c) In formula (16), V' shall not exceed 0.035/‘'c bd nor a be less than 15 deg. Only the center three-fourtbs 
of the inclined portion of such bar or group of bars shall be considered effective in resisting shear. Between the 
face of the support and the area reinforced by the bent-up bar, other web reinforcement shall be provided, except 
that when the distance is less than d/2 and the beam is designed for uniform load only, such additional reinforcement 
need npt be provided. 

806. Combined Web Reinforcement. — (a) Where two or more types of web reinforcement are used in con- 
junction, the total shearing resistance of the beam shall be assumed as the sum of the shearing resistances computed 
for the' various types separately. In such computations the shearing resistance of the concrete shall be included 
only once. 

807. Shearing Stress in Flat Slabs. — (a) In flat slabs, the shearing unit stress on a vertical section which lies 
at a distance ti — 1)^2 from the edge of the column capital and parallel with it, shall not exceed the following 
values when computed by formula (14) (in which d shall be taken as ti — 1 >2 in.) : 

vl) 0.03/'c 'when at least 50 per cent of the total negative reinforcement passes directly over the column capital; 

(2) 0.025/'e when 25 per cent of the total negative reinforcement passes directly over the column capital 
(which is the least that shall be permitted) ; 

(3) For intermediate percentagps, intermediate values of the shearing unit stress shall be used. 

(6) In flat slabs, the shearing unit stress on a vertical section which lies at a distance of in. from the 

edge of the dropped panel and parallel with it shall not exceed O.OS/'e when computed by formula (14) (in which d 
shall bo taken as in.). At least 50 per cent of the cross-sectional area of the negative reinforcement in two 

column strips must bo within the width of strip directly above the dropped panel. 

808. Shear and Diagonal Tension in Footings. — (a) The shearing unit stress computed by formula (14) on a 
vortical section, which lies at a distance d from the face of the supported column or pier and parallel with it, shall 
not oxoeed 0.02/''c for footings with straight bars, nor 0.03/'c for footings in which the bars are anchored at both ends 
by adequate hooks or otherwise specified in Sec. 903. 

(6) In footings supported on piles, the critical section for diagonal tension shall be considered the distance 
d/2 from the face of the column or pedestal and any piles whose centers are at or within this section shall be excluded 
in computing the shear. 


CHAPTER 9 

BOND AND ANCHORAGE ’ 


901. Computation of Bond Stress in Beams. — (a) Where reinforcement is used to resist tensile stresses 
developed by beam action, the bond stress shall be taken as not less than that computed by formula (17). 


u 


8F 
7 Sod 


(17) 


(b) r'or continuous or restrained members, the critical section for bond for the positive reinforcement shall bo 
assumed to bo at* the point of inflection, that for the negative reinforcement shall be assumed to be at the face of 
the support, and at the point of inflection. For simple beams, or at the outer ends of freely supported end spans of 
continuous beams, the critical section for bond shall be assumed to be at the face of the support. 

(c) Bont-up longitudinal bars which, at the critical section, are within a distance d/3 from horizontal reinforce- 
ment under consideration may be included with the straight bars in computing 2o. 

902. Ordinary Anchorage Requirements. — (<z) Tensile negative reinforcement in any span of a continuous, 
restrained, or cantilever beam, or in any member of a rigid frame, shall have a length of anchorage beyond the face 
of the supporting member sufficient to develop the full maximum tension at an average bond stress not greater 
than for plain bars, or 0.06/'c for deformed bars. Within any such span, not leas than one-third of the 

negative reinforcements shall extend along the tension side of the beam at least to or beyond the point of inflection, 
and any bars not so extended shall be bent down at an angle of not more thaii 45 deg. with the axis of the member 
and made continuous with the positive reinforcement or anchored in a region of compression. 

(&) Of the positive reinforcement in continuous beams, not less tham one-fourth the area shall extend at the 
same face of the beam into the support to provide an embedment of ten or more bar diameters beyond the face ol 
the support* 
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Cc) For non-oontinuous beams not less than one-half the area of positive reinforcement shaU extend at the 
lame face of the beam into the support to. provide an embedment of ten or more bar diameters. 

903. Special Anchorage Requirements. — (o) Where increased shearing or bond stresses on account of special 
anchorages are permitted as specified in See. 306, anchorage of aU reinforcement as required in Sec. 902 shall be 
increased to conform with the requirements of (&), (c), (d), and (e) of this section.^ 

(6} In continuous and restrained beams, anchorage beyond points of inflection of at least one-third the area 
of the negative reinforcement and beyond the face of the support of at least one-third the area of the positive rein- 
forcement, shall be provided to develop one-third of the allowable working stress in tension at average bond stresses 
not to exceed 0.04/^c for plain bars nor 0.05/'c for deformed bars. 

(c) In footings, all bars shall be anchored by means of hooks at the end of the bar. The total length of bar 
shall be the width of the footing plus 20 bar diameters. The outer face of the hook shall not be less than 3 in. nor 
more than 4 in. from the face of the footing 

(d) In simple beams, or at the outer ends of freely supported end spans of continuous beams, at least one-half 
of the tensile reinforcement shall extend along the tension side of the beam to provide an anchorage beyond the 
face of the support for one-third of the allowable working strea.s in tension at an average bond stress not to exceed 
0.04/''c for plain bars, nor 0.05/'e for deformed bars. 

(e) In cases where the design of unusual members involves the use of unit-shearing stresses in excess of 0.09/'c, 
values up to 0.12/'f may be used, providing the requirements of this section are fully met, that the members in which 
these stresses are used shall be specially designed on the plans and that these members shall be constructed under 
the personal supervision of the designing engineer who shall notify the commissioner of buildings at least one day in 
advance of the placing of the concrete in such member. When required by the commissioner of buildings, the 
designing engineer shall submit an affidavit certifying that he has personally supervised the construction of these 
members and that the design and construction was in all respects as called for on the plans and in conformity with 
the provisions of this code. 

904. Anchorage of Web Reinforcement. — (a) Web reinforcement shall be anchored at both ends by one of the 
following methods or combination thereof, but only anchorage meeting the requirements of (1), (2) or (3) shall bo 
used for shearing unit stresses in excess of 0.08/'^. 

(1) Providing continuity with the main longitudinal reinforcement. 

(2) Bending around the longitudinal bar or steel shape; 

(3) A hook whicti has a radius of bend not less than four times the diameter of the web bar; 

(4) A length of embedment sufficient to develop the stress in the stirrup by bond as provided below, provided 
also that the other end of the stirrup is anchored as in (1). 

(6) The end anchorage of a web member not bearing on the longitudinal reinforcement shall be such as to 
engage an amount of concrete sufficient to prevent the bar from pulling out. In all cases the stirrups shall bo 
carried as close to the upper and lower surfaces as fireproofing requirements permit. 

(c) The stress in a stirrup or web reinforcement bar shall not exceed a value equal to the surface, area of the bar 
embedded within the upper or lower one-half of the beam multiplied by 0, 04/^5 for plain bars, or 0.05/'c for deformed 
bars, except that when wire fabric is used for web reinforcement it shall have welded intersections not farther apart 
than d in., but in no case shall the stress exceed 16,000 lb. per sq. in. 


CHAPTER 10 
FLAT SLABS 

(Two-way and Four-way Systems with Square or Rectangular Panels) 

1001. Limitations. — (a) The term flat slabs as used in those regulations refers to conen^to slabs, having rein- 
forcement bars extending in two or four directions, without beams or girders to carry the load to supporting membe^rs. 

(b) The moment coefficients, moment distribution, and slab thicknesses specified herein ar(' for a series of 
slabs of approximately uniform size arranged in three or more rows of panels in each dir(>ctiorx, and in which the 
ratio of length to width of panel docs not exceed 1.33. 

(c) Slabs with paneled ceiling or with dropped panels shall be considerc^d as coming xmd('r th(' refniireinents 
herein given, provided the dropped panel shall have a length or diameter in each direction paralM to a side of th<'i 
panel of not less than 0.35 of the panel length in that direction, and provided further that depth of tho thicker 
portion of tho slab docs not exceed one and one-half times the depth of the remainder of the slab. 

(d) For structures having a width of less than three rows of panels, or in which irregular panels are used, an 
analysis shall be made of tho moments developed in both slabs and columns. When so required, computations 
shall be submitted to the commissioner of buildings for approval. 

1002. Panel Strips and Principal Design Sections. — (a) For convonienoo of referGnoe, a flat slab panel shall bo 
considered as consisting of strips as follows: 

A middle strip one-half panel in width symmetrical with respect to the panel center line and extending through 
tho panel in the direction in which moments are being considered; 

A column strip onc-half panel ih width occupying the two quarter panel areas outside of the middle atrip. 

When considering momenta in the direction of th^ width of the panel, the panel is similarly divided by strips, 
the widths of which are each one-half the length of the panel. 

(5) The critical sections for moment calculations are referred to as principal design sections and are 
located as follows; 
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Sections for N egative Moment , — These shall be taken along the edges of the panel, on lines joining the column 
centers, and following the circumference of the column capital. 

Sections fur Positive Moment . — These shall be taken on the center line of the panel. 

1003. Moments in Interior Panels — General Case. — (a) The numerical sum of the positive and negative 
moments in the direction of either side of a rectangular panel shall be not less than that given by formula (19). 

Mo = O.OGTTZ^l - 10“ (19) 

Where Mo = sum of positive and negative bending moments at the principal design sections, in the direction 
in which the length is given by 1. This moment is in foot-pounds when c and I are in feet and 
W is in pounds. 

(b) The moments in the principal design sections shall be those given in the following table of moments, except 
that the maximum negative moment in the column strip may be greater or less than the values given in the table of 
moments by not more than 0.03 provided that the sum of the moments on the principal section remains equal 
to M 0 , and provided further that the moment in each of the three other critical design sections be modified by not 
more than 0.01 Mo. 


Moments to Be Used in Design of Plat Slabs 
For Interior Panels Fully Continuous 
General case: all values of c: Mo given by Formula (19) 


Strip 

Flat slabs without dropped panels 

Flat slabs with dropped panels 

Negative 

Positive 

Negative 

Positive 

Slabs with 2-way reinforcement 

Column strip 

Middh‘ strip 

-Me * 0.46Mr, 
-Mm « O.I 6 M 0 

-l-M, = O. 22 M 0 

+ Mm = O.l&Mo 

-Me =0.50M. 
-Mm = 0A5Mo 

+ Mc = O. 2 OM 0 
+ Mm « 0.15Mo 

Slabs with 4-way reinforcement 

Column strip 

Middle strip 

-Me «0.50M« 
-Mm O.lOMo 

+ Mc = O. 2 OM 0 
+ Mm = O. 2 OM 0 

-Me =0.54M. 
-Mm O.QSMo 

+ Me =0.19Mo 
+ Mm = O.lOMo 


(c) The width of section at the column head shall be taken as the width of the dropped panel where used or 
half the width of panel wnore ni) dropped panel is used. 

(d) Th <3 band width in the two-way system shall be such as to provide reinforcement over the entire one-half 
panel width. 

(c) The band width for the direct bands in the 4-way system shall be approximately four-tenth of the panel 
width at right angles to the direction of the band (0.4Zi) and for the diagonal oands approximately 0,4 of the average 
span length. In proportioning the roinforoement in this system, it shall be assumed that reinforcement in the direct 
hand resists the entire positive moment for the column strip and the two diagonal bands resist the entire positive 
moment for the column strip and the two diagonal bands resist the entire positive moment for the middle strip. 
U,einforoeni(»nt for negative moment for the column strip shall include the area of reinforcement for negative moment 
ui the diagonal bands multiplied by the cosine of the angle between the diagonal band and the axis of the direct 
hand oonsidi'tod plus the full area of the reinforcement for negative moment in the direct band. The negative 
r(‘inforcemcnt for the middle strip shall be provided independently of the diagonal bands. 

1004. Moments in Interior Panels — Special Case, c =* 0.225 Times the Average Span Length. — (a) For the 
particular case whore c is equal to 0.225 times the average span length (the average of the distances center to center 
of columns on the two sides of the panel), formula (19) reduces to formula (19o), 

Mo = 0.066TFZ (I9a) 

(6) For two-way slab, the values of Mo may be obtained from formula (19o) and the distribution taken from 
the table in Sec. 1003(6). 

(c) For the four-way slab with dropped panel, the following table of coefficients may be used in computing the 
reinforcement required in each of the bands, provided that I for the direct bands shall be the center to center distance 
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between columns in the direction in which the band extends, and for the diagonal bands tne average value of I for 
the two direct bands of the panel. The moments in the table are those on sections at right angles to the direction 
of the respective bands: 


Band i 

Location 

Amount 

Direct 

Diagonal • 

Direct 

Diagonal 

Top band across direct band- . . 

Center 

Center 

At column head 

At column head 
Between columns 

4-0. 012 W2 
-h0.009TF2 

~0.020m 

-0 011W2 
-0.005W2 


1005. Thickness of Slabs and Dropped Panels. — (a) For slabs without dropped panels, using concrete of 2000 
lb. per sq. in, ultimate strength, the total thickness of the slab <i, in inches, shall be not less than the value given by 
formula (20 J. 


t\ 


0.038 


- 1.44^) Vw' + IM 


( 20 ) 


where = uniformly distributed dead and live load, lb. per sq. ft. 

(b) For slabs with dropped panels, using concrete of 2000 lb. per sq. in. ultimate strength, the total thickness 
in inches at points beyond the dropped panel shall be not less than 

ti = 0.02i'\/ id' "4* 1 (Sil) 


(c) The dropped panel shall have a thickness not greater than l.Sia nor loss than 1.25^2. The side or diameter 
of the dropped panel shall not be less than 0.35 times the side of the panel in the parallel direction. 

(d) In determining minimum thickness by formulas (20) and (21), tHe value of I shall be the panel length center 
to center of the columns, on the long side of the panel. For concrete of 2000 lb. per sq. in. ultimate strength, the 
slab thickness ti or t ‘2 shall in no case be less than 2/32 for floor slabs, and not less than 2/40 for roof slabs. 

(e) Whore concretes of higher ultimate strengths than 2000 lb. per sq. in. are used, the thickness given by 


formulas (20) and (21) and the limiting thicknesses may be reduced by multiplying by the factor 




"2000 


in which 


. f'a is the ultimate strength of the concrete to bo used. 

1006. Limiting Percentages of Reinforcement. — (o) The ratio of reinforcement for negative moment in, the 
column strip shall not exceed the values of 2 ? calculated for balanced reinforcement, that is, the amount of reinforce- 
ment for which both the steel and the concrete are stressed to the full amount permitted by Wees. 306 and 307. 
Any reinforcement in excess of this amount shall not be included in the calculation. In computing the ratio of 
reinforcement for negative moment in the column strip, the width of section shall bo taken as in Sec. 1003(c). 
In the case of four-way design, the steel area shall consist of the area of steel for negative moment as defined 
in 1003 (^). 

(b) The ratio of flat slab reinforcement in any strip shall not bo leas than .0025. Bars shall not bo spaced 
farther apart than times the slab thickness. 

1007. Point of Inflection. — (a) In the middle strip the point of inflection for slabs without dropped panels 
shall be assumed at a line 0.332 distant from the center of the span and for slabs with dropped panels 0.32 distant 
from the center of the span. 

(b) In the column strip, the point of inflection for slabs without droppi'd panels shall be at a liiu' 0.33 (2 — r) 
distant from the center of the panel and 0.3 (2 — c) for slabs with droppt'd pam'la. 

1008. Arrangement of Reinforcement at Column Heads — -Two- and Four -way Systems,- — («) In both two- 
and four-way systems, provision shall bo made for securing the nunforccmicnt in place so as to r<'R}fit prop(»rly not 
only the critical moments, but also the moments at intermediate sections. The full area of steel required for nega- 
tive moment at the column head shall be continued in the same plane close to the upper surfaoe of the slab to the 
edge of the dropped panel, but in no case less than a distance 0.22 from the center line of column. Lapped spUcos 
shall not bo pornuttod at or near regions of maximum stress except as de.scnbed in Bi*c. 505. 

1009. Arrangement of Reinforcement — Two-way System. — (a) For colunm strips at least four-tenthn of tho 
area of steel required at the section for positive moment m the column strip shall bo of such lengtii and so placed 
as to reinforce the negative moment section at tho two adjacent column heads. Those bars, and any other bare for 
negative roinforoomont shall extend into the adjacent panel to a point at least 0.052 beyond tho point of inflection. 
Not less than one-third of the bars used for positive reinforcement in the column strip shall extend into the dropped 
panel at least twenty diameters of tho bar, but not loss than 12 in. or in case no dropped panel is used, shall extend 
to within 0.1252 of tho center line of tho columns or the supports. The balance of the bars for positive reinforoe- 
riumt in the column strip shall extend at least 0.332 on either side of the center line of panel. 

(b) For the middle strip at least one-half of the bars for positive moment shall be bent up and extend over the 
main bands at both sides of the panel to a point at least 0.252 beyond the center Una of columns, The location of 
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the bends shall be such that for a distance 0.151 for slabs with dropped panels, (or 0.125^ for slabs without dropped 
panels), on each side of the center line of columns, the full reinforcement required for negative moment will be 
provided in the top face of the slab. The full reinforcement for positive moment in the middle strip shall extend in 
the bottom face of the slab to a point at least 0.3i on either side of the panel center line, and at least 50 per cent of 
it shall extend to points 0.3252 on either side of the panel center line for slabs with dropped panels, or 0.352 for slabs 
without dropped panels. 

1010. Arrangement of Reinforcement — Four-way System. — (a) For direct bands, all provisions governing 
the placing of steel in column strips in two-way systems apply as well to the direct bands in four-way systems. 

(b) For diagonal bands, at least four-tenths of the area of steel required at the section for positive moment 
shall be of such length and so placed as to reinforce the negative moment section at the two diagonally opposite 
column heads. These bars and any other bars for negative reinforcement shall extend into the adjoining panel to 
points at least 0.4Z beyond a line drawn through the column center perpendicular to the direction of the band. 
The straight bars for positive moment in the diagonal bands shall not be shorter than the longer straight bars in the 
direct bands. 

(c) For negative moment in the middle strip, the required steel shall extend not less than 0.25Z on either side 
of the column center line. 

101 1 . Wall and Other Irregular Panels. — (a) In wall panels and other panels in which the slab is non-continuous 
on one edge, the maximum positive moments on the principal design sections parallel to the discontinuous edge 
(reinforcement perpendicular to that edge) shall be increased by 25 per cent. 

(6) The positive moment reinforcement perpendicular to the discontinuous edge shall extend to this edge 
and have an embedment of at least 6 in. in spandrel beams or columns. All negative moment reinforcement shall 
be bent or hooked at spandrel beams or columns to provide adequate bond resistance. 

(c) At the wall or discontinuous edge the negative moment in the column strip shall be taken as not less than 
90 per cent and in the middle strip not less than 62}^ per cent of the corresponding moments for a normal interior 
panel as given in the table of Sec. 1003(5). 

(d) Where there is a beam or a bearing wall at the center line of columns in the interior portion of a continuous 
flat slab, the negative moment at the beam or wall line in the middle strip perpendicular to the beam or wall shall 
bo^taken as 30 per cent greater than the negative moment specified in Sec. 1003(6) for a middle strip. The half 
column strip adjacent and parallel to and lying on either side of the beam or wall shall be designed to resist moments 
at least one-fourth of those specified in Sec. 1003(6) for a column strip. The beam or wall in such cases shall be 
designed to carry a uniformly distributed load equal to one-fourth of the panel load on either side in addition to the 
loads directly imposed upon it. 

1012. Panels with Marginal Beams. — (a) In panels having marginal beam on one edge or on each of the two 
adjacent edges, the beam shall bo designed to carry at least the load superimposed directly upon it, exclusive of the 
panel load. A marginal beam which has a depth greater than one and one-half times the minimum slab thickness, 
shall bo designed to carry, in addition to the load superimposed directly upon it, a uniformly distributed load equal 
to at least one-fourth of the total live and dead load for which the adjacent panel or panels are designed. Slabs 
supported by marginal beams on opposite edges shall be designed as freely supported slabs for the entire load. 

(6) Tho half column strip adjacent to and parallel with marginal beams, having a depth not greater than 
one and one-half times the minimum slab thickness, shall be designed to resist half the moment specified for a full 
column strip. 

(c) In wall panels having exterior columns whore brackets, (the faces of which make an angle with the face of 
tho column, projected upward, of not more than 45 deg.) are used in place of capitals, the value of (c) in the direc- 
tion in which tho bracket extends may be taken as twice the distance from the center of the column to a point where 
tho structural portion of tho bracket is IM in. thick, and averaged with the value of (c) for an interior column 
capital in tho computations for moment in formula (19) . The value of (c) for column strips parallel and adjacent 
to a non-continuous edge of a slab whore either no marginal beam is used, or where the beam used is not deeper than 
one and ono-half times tho minimum slab thickness, should be taken as equal to the width of the wall column if no 
bracket is used in this direction. 

(d) Tho value of (c) for column strips parallel and adjacent to marginal beams having a depth greater than the 
thiekn( 5 ss of the slab at the wall columns, shall, if no bracket is used in tKis direction, be taken as equal to the width 
of tho wall column plus twice tho difference between the depth of the beam and the depth of the slab through the 
dropped panel. This value of c is to bo used in calculating the — Me and -{- Me for the half column strip parallel 
and adjacent to tho marginal beams only. This half column strip should be designed to resist a moment at least 
one-fourth as groat as that specified for a column strip in the Table of Moments. 

(«) It Shan bo permissible to omit the dropped panels at wall columns provided the design complies with th^ 
requiremonts of Sec. 1003(6) and 1006(a) for slabs without dropped panels. 

1013. Opening in Flat Slabs. — (a) Openings of any size may be cut through the floor in the area common to 
two intersecting middle strips, provided the total positive and negative resisting moments be maintained as required 
in Sec. 1003(6) and that these total positive and total negative moments be redistributed between the remaining 
principal design sections to meet tho new conditions. 

(6) In any area common to two column strips, not more than one opening shall be allowed and the greatest 
dimension of such an opening shall not exceed 1/202. 

(c) In any area common to one column strip and one middle strip, openings shall not interrupt more than one^ 
quarter of tho bars in either strip and the equivalent of the bars so interrupted shall be provided by extra steel on 
both sides of the opening. 

(d) Any opening larger than described above shall be completely framed on all sides with beams to carry the 
loads to the columns, 
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CHAPTER 11 

REINFORCED'CONCRETE COLUMNS AND WALLS 

1101. Limiting Dimensions. — (a) Unless designed as long columns under tbe provisions of Sec. 1108, rein- 
forced-concrete columns shall not be longer than eleven times the least lateral dimension. Principal columns in 
buildings shall have a minimum diameter or thickness of 12 in. Posts that are not continuous from story to story 
shall have a minimum diameter or thickness of 6 in. 

1102. Unsupported Length of Columns. — (a) The unsupported length of reinforced-con Crete columns shall bo 
taken as: 

( 1 ) In flat-slab construction the clear distance between the floor and under side of the capital; 

( 2 ) In beam-and-slab construction, the clear distance between the floor and the under side of the shallowest 
beam framing into the column at tlio next higher floor level; 

(3) In floor construction with beams m one direction only, the clear distance between floor slabs; 

(4) In columns supported laterally by struts or beams only, the clear distance between consecutive pairs (or 
groups) of struts or beams, provided that to be considered an adequate support, two such struts or beams shall meet 
the column at approximately the same level and the angle between the two planes formed by the a.ds of the column 
and the axis of each strut respectively is not less than 75 deg., nor more than 105 deg. 

(5) When reinforcod-concrete brackets are used at the junction of beams or struts with columns, the clear 
distance between supports may be considered as reduced by the depth of the bracket, provided the width of the 
bracket is at least equal to that of the beam and not less than one-half of the column. 

1103. Design of Spiral Columns. — (a) The permissible axial load on columns reinforced with longitudinal 
bars and closely spaced spirals enclosing a circular core, shall not be greater than that determined by formula ( 22 ). 

P = A,[l + (n - 1)2)]/. (22) 

in which Ao is the area within the outer circumference of the spiral hooping, and the values of A are as given in See. 
306, or as may be found for intermediate values of p by interpolation, or in general, by the formula, 

/. = [300 + (0.10 + 42))/'.] (22o) 

( 6 ) The longitudinal reinforcement shall consist of at least six bars of minimum diameter of 3'2 in., and of an 
effective cross-sectional area not lees than 0.01, nor more than 0.06 of that of the core. The number of longitudinal 
bars concentrated in the ring at the periphery of the core shall be governed by the spacing requirements of 8 oc. 504(a). 
If all the bars cannot be placed at the periphery of the core, the bars within shall bo stayed at int< 5 rvalfl of 24 in., 
and shaU not be nearer to the outer ring than two-tenths times the core diameter. When the ratio of reinforcemenat 
in a spirally reinforced column is greater than 0.04, special placing drawings illustrating th(‘ proper distribution of 
steel shall be submitted with the detail plans. Splices in longitudinal reinforcement shall provide a lap of at least 
24-bar diameters for deformed bars, and 30 diameters for plain bars. 

(c) The ratio of the spiral reinforcement shall be not less than one-fourth the ratio of the longitudinal reinforce- 
ment. Spiral reinforcement shall consist of evenly spaced continuous spirals held firmly in place and true to line 
by at least three vertical spacer bars. At the ends of all’ spirals and at points of splice, the outside diameter shall 
be maintained. The spacing of the spirals shall not be greater t.han one-sixth of th{‘ diameter of the core and in no 
case more than 3 in. 

(fi) Reinforcement shall be protected everywhere by a covering of concrete east monolithic with th(‘ core which 
shall have a minimum thickness of iii- 

1104. Design of Columns with Lateral Ties. — (a) The permissible axial load on columns reinforced with 
longitudinal bars and separate lateral ties shall not be greater than that determined by formula (23) : 

P « 0.225/'cA^Il -h (n - Did (23) 

( 6 ) The ratio of longitudinal reinforcement shall not bo less than 0.005 nor shall tht' ratio eonsideri'd in tho 
calculations be more than 0.02 of the total area of the column. The longitudinal reinforcement shall consist of not 
less than four bars of minimum diameter of in., placed with clear distance from the face of the column not less 
than -2 in., nor more than 3 in. Splices in longitudinal reinforcement shall provide a lap of at least 24-bar diam(*t(T» 
for deformed bars, and 30 diameters forplain bars. 

(c) Lateral ties shall be at least >4 in. in diameter spaced not more than 12 in. apart. In columns of rectangular 
section, cross ties shall bo arranged to afford support to the vertical bars at intervals not groati^r than the shortc'r 
side of the section, but such interval need not bo less than 12 in. in any case. 

1106. Bending in Columns. — (a) Tho bending moments in interior and exterior columns shall bo dt'termined on 
the basis of loading conditions and end restraint, and shall be provided for in tho design. 

( 6 ) In flat-slab construction, tho least dimension of tho column shall bo not loss than one-fiftoenth of the 
average center to center span, nor less than 16 in. For known ocoentrio loads or unequal spacing of columns, 
computations of moments shall bo made accordingly. Wall columns in flat-slab construction shall bo. designed to 
resist a bending moment of Wl/35. Any counter moment duo to the weight of the structure that projects beyond 
the column center line may bo deducted from tho moment computed as just described. Roaistanoe to the bending 
moments shall be divided between the columns immediately above and below in direct proportion to the values <if 
their ratios of T/h (see Secs. 709 and 1102 ). 

(c) The recognized methods shall be followed in calculating the stresses due to combined axial load and bending. 
The column section shall not be less than that required where axial load alone is considered. The limiting combined 
unit stresses shall bo as follows: 

(D Columns with spiral reinforcement, [300 (0.10 4- 4 0.1f5/'c* 
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(2) Columns with lateral ties 0.3/'c. The total amount of reinforcement considered in- the computations 
shall not be more than 4 per cent of the total area of the column. 

(3) Tension in longitudinal reinforcement due to bending on the column shall not exceed 16,000 lb- per sq. in. 

id) Where the allowable unit stress in columns is increased (to provide for combined axial load and bending) 

and wind loads are also added, the total shall still come within the allowable values specified for wind loads in 
Sec, 604. 

1106. Composite Columns. — (a) The permissible load on composite columns in which a structural steel or cast- 
iron column is thoroughly encased in a concrete core reinforced with not less than 0.02 nor more than 0.04 longi- 
tudinal reinforcement in the form of bars arranged at the periphery of the core, nor less than 0.01 of spiral 
reinforcement meeting the requirements for spirals of Sec. 1103(c), shall be based on a certain unit stress for 
the steel or cast-iron section plus a unit stress of 0.25/''c on the net area of the concrete within the outer 
GircumferencQ of the spiral hooping enclosing the core. The longitudinal and spiral reinforcement ratios stated 
shall be based on the total core area enclosed within the outer circumference of the spiral hooping. 

(6) The unit compressive stress on the steel section shall not exceed 15,000 lb. per sq. in. Where the steel 
section is required to carry construction or other loads prior to its encasement in concrete, the stress shall not exceed 
that given by formula (24). 




18,000 


1 + 


A2 

18,000/22 


(24) 


(<*) The unit stress on the cast-iron section shall not exceed 9000 lb. per sq. in. Where the cast-iron section is 
required to carry construction, or other loads prior to its encasement in concrete, the stress shall not exceed that 
given by formula (25). 


/r = 12,000 - 60^ 

R 


(25) 


(d) The unit stress on the longitudinal reinforcement shall be 0.25;i/'c. 

(c) The diameter of the cast-iron section shall not exceed one-half the diameter of the core, nor shall its total 
area exceed 12 per cent of the core area, (area included within outer circumference of the spiral hooping). The 
dimension of the structural stool section shall be such as to provide at least 3 in, between the spiral and the corners 
of the section and its area shall not exceed 12 per cent of the core area. Metal columns shall be accurately milled 
at splices and positive provision shall bo made for alignment of one column above another. The spiral reinforce- 
ment shall be not loss than 0.01 of the volume of the care, and shall conform in quality, spacing, and other require- 
ments to the provisions for spirals in Sec.^1 103(c). 

(/) In composite columns, provision shall bo made at the base to transfer the load from the middle section at 
safe unit stresses in accordance with Sec. 1205. The base of the metal section shall be designed to transfer the load 
from the entire composite column to the foundation, or it may be designed to transfer the load from the metal 
section only, provided it is so placed in the pier or pedestal as to leave ample section of concrete above the base for 
the transfer of the load from the reinforcod-concrete section of the column by means of bond on the vertical rein- 
forcement, and by direct compression from the concrete. At the top of the metal section, provision shall be made 
to receive the full load to be transferred to the metal section at this point. At points in the structure below this, 
where the load on the metal section is increased, positive means, consisting of cast or built-up brackets rigidly 
attached to the metal section, shall be provided to receive the increase in load. 

(o’) Ample section of concrete and continuity of reinforcement shall be provided at the junction with beams or 
girders. The area of the concrete between the spiral and the metal column shall be not less than that required to 
carry the total floor load of the story above on the basis of a stress in the concrete of 0.35/''e, unless special brackets 
are arranged on the metal column to receive directly the beam or slab load. 

1107. Combination Columns. — (a) Structural steel columns of any rolled or built-up section wrapped with the 
equivalent of No. 8 U. S. standard gage wire spaced 4 in. on center and encased in concrete not less than 2 in. thick 
over all of metal except rivet heads and connections will be permitted to carry a load equal to (1 -H Ac/ 100 A a) times 
permissible load for unencasod stool columns. 

(6) The permissible load for uncncased steel columns shall be determined by formula (24), provided the struc- 
tural stool columns acting independently of the concrete shall have sufficient capacity to carry all dead loads which 
will be placed thereon, and provided the quality of the concrete is such that it shall show a compressive strength of 
at least 2000 lb. per sq. in. at 28 days when tested in accordance with Sec. 201(c). 

U08. Long Columns. — (a) The permissible working load on the core in axially loaded spiral or oomposito 
columns which have a length greater than 50 times the least radius of gyration of the column core (50/2) shall not 
be greater than that determined by formula (26). 


P' 


1.50 - 


h 

100/2 


(26) 


(6) The permissible working load on axially-loaded tied columns, which have a length greater than 40 times 
the least radius of gyration of the column section (40/2), shall not be greater than that determined by formula (26a). 

p.: ^ I 

P 120/2 t 


(26a} 


(c) The radius of gyration of a column shall be computed from the concrete area used in design and the trans- 
formed section of the longitudinal steel area; that is, the actual area of steel multiplied by n. 

1109. Monolithic Walls. — (a) Reinforoed-oonorete hearing walls shall have a thickness of at least one twenty- 
fifth (Me) of the unsupported height or width, provided, however, that approved buttresses, built-in columns, or 
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piers designed to carry all the vertical loads, may be used in lieu of greater thicknesses. Working compressive 
stresses in such walls shaU not exceed 0.0625/'c when the wall is 25 times the thickness in height, increasing propor- 
tionately to 0.125/'c when the wall is 15 times the thickness or leas in height. -j r i. 

(&) The lateral support for such walls shall consist of a jare-resistive floor when the framing is on one side of the 
wall only, but may be of a fire-resistive or of a non-fire-resistive type where framing is on both sides of the wall, 
provided that for residences, wood-frame construction properly tied may be used as support. 

(c) In fire-resistive buildings, reinforced-concrete bearing walls shall have a thickness at least equal to the 
values shown in the table of minimum wall thicknesses given at the end of this section, except that exterior basement 

walls shall not be less than 8 in. thick. , j- i.- x i 

(d) In fire-resistive buildings, bearing walls shall be reinforced with an area of steel in each direction, vertical 
and horizontal, at least equal to 0.0025 times the cross-sectional area. Walls S in. or more in thickness shall have 
half the steel at each face of the wall. The bars shall not be farther apart in either direction than 18.in., regardless 
of whether the steel is disposed in one or two layers, nor shall less than the equivalent of ^^-in. round bars be so 
used. The vertical steel shall not be relied on to carry load unless tied and arranged as in roinforced-conoreto ^ 

columns.^ bearing walls shall be designed for any lateral pressure to which they are subjected. _ Eccentric loads 
and wind stresses shall be fully provided for. In such designs, the stresses for flexure as given in fecc. 306 shall 
govern. 

(f) In non-fire-resistive buildings, exterior bearing walls may be of reinforced concrete, subject to the pro- 
visions of this section, when increased 50 per cent in thickness over those referred to in (c). In such walls, the 
amount of reinforcement in each direction, horizontal and vertical, shall be at least 0.002 times the cross-sectional 
area. The steel shall bo distributed half to each face of the wall with a maximum bar spacing of 24 in. 

(ff) In buildings of skeleton construction, panel or other walla supported on the structural frame shall not be 
less than 5 in. thick, nor loss than one-thirtieth (Ho) of the horizontal distance between columns, cross walls, or 
equivalent anchorage. Such walls shall be reinforced in the same manner as bearing walls in fireproof buildings, 

(see (d) above). x i xo. 

(h) Stairway and elevator enclosures in all classes of buildings may be built of reinforced ooncretc, when the 
wall thicknesses are in accordance with the requirements of (c) and (g) and reinforcement in accordance with (d). 


Minimum Wall Thickness, in Inches, in vStokv Indicated 



CHAPTER 12 
FOOTINGS 

1201. Loads. — (a) Footings resting directly on soil or on piles shall be proportioned as to area or number of 
piles on the basis of the total column load plus the weight of the footing itself. For computations of moments and 
shears, an upward reaction per unit area or per pile shall be based on the total column load (not including the weight 
of the footing itself) divided by the area or by the number of piles. 

1202. Sloped or Stepped Footings. — (a) Footings in wnich the thickness has been detc^rmined by the require- 
ments for shear as specified in Sec- 808, may be eloped or stepped between the critical section and the edge of the 
footing, provided that the shear on no section outside the critical section exceeds the value specified, and provided 
further that the thickness of the footing above the reinforcement at the edge shall not bo less than 6 in. for footings 
nor less than 12 in. for footings on piles. Sloped or stopped footings shall be cast as a unit. 

1203. Bending in Footings. — (a) The critical section for bending in a concrete footing which supports a con- 
crete column or pedestal, shall be considered to bo at the face of the column or pejdcatal. Where steel or cast-iron 
column bases are used, the moment in the footing shall be computed at the middle and at the edge of the base; the 
load shall be considered as uniformly distributed over the column or pedestal base. 

(b) The bending moment at the critical section in a square footing supporting a concentric square column, 
shall be computed from the load on the trapezoid bounded by one face of the column* the oorresponding outside 
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edge of the footing, and the portions of the two diagonals. The load on the two corner triangles of this trapezoid 
shall be considered as applied at a distance from the face equal to six-tenths of the projection of the footing from the 
face of the column. The load on the rectangular portion of the trapezoid shall be considered as applied at its center 
of gravity. Tne bending moment is expressed by formula (27). 

M = |(a -h 1.2c)c2 (27) 

(c) For a round or octagonal column, the distance a shall be taken as equal to the side of a square of an area 
equal to the area enclosed within the perimeter of the column. 

1204. Shearing and Bond Stresses —See Sec. 808, also Secs, 901 to 904. 

1205. Transfer of Stress at Base of Column. — (a) The compressive stress in longitudinal reinforcement at the 
base of a column shall be transferred to the pedestal or footing by dowels. There shall bo at least one dowel for 
each column bar, and the total sectional area of the dowels shall not be less than the sectional area of the longitudinal 
reinforcement in the column. The dowels shall extend into the column and into the pedestal or footing not less 
than 30 diameters of the dowel bars for plain bars, or 24 diameters for deformed bars. 

(5) The permissible compressive unit stress on top of the pedestal or footing directly under the column shall 
be not greater than that determined by formula (28), 



(c) The value of Pa shall not exceed 0.25f'c for plain concrete. When lateral reinforcement in the form of 
.spiral or hoops is provided, the value of Pa for the area within the spiral may be increased (1 + 2,5np') times that 
for plain concrete, but no area outside the outer face of the spiral shall be considered. Where piers are designed as 
columns, the value of Pa shall be computed by the proper column design formula. 

(d) In no case shall the total load computed by formula (28) be taken as greater than the load computed, using 
a stress equal to Pu, on the gross area of the pedestal, pier, or footing at a point below special reinforcing provided 
at the top. 

(e) Where the loaded area is not central on the top of the pedestal pier, or footing, the total area A shall not be 
taken as greater than the area of the largest circle that can be drawn about the load as a center and lying entirely 
within the top of the pedestal, pier, or footing. 

(/) Where lateral reinforcement is provided to increase the value of Pa, it shall extend to within 3 in. of the 
top of the pedestal, pier, or footing and to a depth equal to the diameter of the spiral, and the loaded area shall lie 
at the center of the spiral or hoops. The pitch of the spiral or the spacing of the hoops in the dear shall not be less 
than 2 in., nor more than 5 in. The designed pitch shall be maintained by at least four spacers securely fastened 
to each spiral turn or hoop. ■ The ratio of lateral reinforcement shall not exceed 0.015. 

{g) In sloped or stepped footings, A may bo taken as the area of the top horizontal surfacp of the footing or as 
the area of the lower base of the largest frustum of a pyramid or cone contained wholly within the footing and having . 
for its upper base the loaded area A\ and having side slopes of 1 vertical to 2 horizontal. 

1206. Pedestals without Reinforcement. — (a) The allowable compressive unit stress on the gross area of a 
concentrically loaded pedestal or on the minimum area of a pedestal footing shall not exceed 0.25/'c, unless reinforce- 
ment is provided and the member designed as a reinforced-ooncrete column. 

(6) The depth of a pedestal or pedestal footing shall not be greater than three times its least width and the 
projootion on any side from the face of the supported member shall not be greater than one-half the depth. The 
depth of a pedestal whose sides are sloped or stepped shall not exceed three times the least width or diameter of 
the section midway between the top and bottom. A pedestal footing supported directly on piles shall have a 
mat of reinforcing bars haying a cross-sectional area of not less than 0.20 sq, in. per ft. in each direction, placed 3 in. 
above the top of the piles. 
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PROPOSED SPECIFICATIONS FOR CAST STONE AMERICAN CONCRETE 

INSTITUTE! 

I. Genekal 

(1) The term “ cast stone” shall be understood to mean a building stone manufactured from portland cement 
concrete, precast and set in place as trim or facing on or in buildings and other structures. 

(2) The minimum average compressive strength of cast stone at the age of 28 days or less shall be 5,000 lb. 
per sq. in. when tested as 2 X 2-in. cylinders or 2 X 2-in cubes in the manner hereinafter specified. 

(3) At the age of 28 days or lees tne average absorption of cast stone shall be not less than 3 and not more 
than 7 per cent of water by dry w’eignt of the specimen when tested as 2 X 2-in. cylinders or 2 X 2-in. cubes in the 
manner hereinafter specified. 

(4) All aggregate used in the manufacture of cast stone shall be of known durable quality. 

II. Selection of Specimens for Testing 

(5) Specimens for both compression and absorption testa shall be cut from stone as delivered on the job or 
from regular stock in the yard. Samples from which specimens will be cut shall be selected by the purchaser or his 
representative. 

(6) Specimens of faced cast stone for compression tests shall be cut in such a manner that the specimens are 
composed of appro-\imately one-half of facing and one-half of backing material. Specimens shall be tested in the 
position in which the cast stone is laid in the w'all. 

Ill, Methods of Testing 

(7) Not less than 3 and preferably 5 specimens shall be required for each test. In the event of failure to meet 
requirements in the first test, the test may be repeated on a second set of specimens. 

(8) Specimens for absorption test shall be dried at a temperature between 215 and 225 dog. F. until the loss 
in weight is not more than 0.1 per cent m 2 hr. of drying. They shall be weighed and then be submerged in water 
at a temperature of between, 60 and 80 deg. F. for 24 hours. The specimens shall then be removed from the water, 
the surface water wiped off with a damp cloth and the specimens weighed. The percentage of absorption is the 
difference in weight divided by the dry weight of the specimen and multiplied by 100. 

(0) Specimens for strength test shall be dried at a temperature of between 215 and 225 deg. F. until the loss 
in weight is not more than 0.1 per cent in 2 hr. of drying, 

(10) If bearing surfaces of specimens for strength test are not smooth, they shall be made so by grinding. If 
they cannot be ground to a smooth surface they shall bo capped w'ith a mixture of H part Portland cement and 
part plaster of paris, which shall be allowed to harden at least 5 hr. before the test. The (;ap shall be formed by 
spreading the capping material upon a plate glass and pressing the specimen firmly on it making the cap as thin as 
possible. 

(11) Load shall be applied through a spherical bearing block placed on top of the specimen in a vortical testing 
machine. The dimensions of the bearing block shall bo the same, or slightly larger, than that of the test specimen. 

(12) Load shall be applied uniformly and without shock. The speed of the moving head of the machine shall 
be not more than .05 in. per min. when the machine is running idle. 

(13) Specimen shall be loaded to failure and the unit compressive strength calculated in pounds per square 
inch. The type of failure and appearance of specimen shall bo noted. 

1 From report of Committee P-3, Feb. 1020. 
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bending, 35 

formulas for concrete, 37 
deflection, 40 
design, 34 

diagonal compression and tension, 39 

flange buckling, 40 

formulas for internal stresses, 41 

fundamental bending formula, 35 

moment of inertia, 35 

shear, 38 

Beams, specifications, 1494 - 1509 , 1511 
steel, 115-123 
wooden, 98—114 

Bearing plates and bases, 227-229 

allowable bearing pressures, 227 
anchors, 229 
cast bases, 228 
expansion bearings, 22S 
hinged bolsters, 228 
simple bearing plates, 227 
Belt conveyors, 863 

Bending and direct stress, concrete and reinforced 
concrete, 68-79 

eccentrically loaded columns, 67 
transverse loads, 64 
wood and steel, 64-68 
Bending and placing reinforcement, 832 
formula for beams, 35 
moment, 22 

reinforcement equipment, 876 
stresses, 5 

unsymmetrieal, 79-94 
Bent rods, marking of, 421 
Berger Manufacturing Company, 969 - 973 , 1017 
Bessemer 70 building, 805 
Betolle, James 0., on School planning, 761-773 
Bethlehem beams, properties of, 96 
Steel Company sheet piling, 866 
Black powders, 856 
Blasting accessories, 857 
machines, 868 

-Blaw-Knox weighing batcher, 878 
Board measure, table, 916 
Boilers, fuels, and ohimnoys, 1218-1233 
boiler efficiency, 1222 
trimmings, 1221 
cast-iron boilers, 1230 
check valves, 1222 
chimneys, 1234-1231 
connecting two boilers, 1221 
(iquivahmt evaporation, 1222 
feed pump, 1222 
fire-tube boilers, 1219 
fuel, 1222 

grate area in boilers, 1219 
heating surface, 1218 
mechanical stokers, 1232 
rating of boilers, 1220 ■ 
rtiquiromonts of a perfect boil<T, 1218 
settings of boilers, 1219 
shipping and erection, 1222 
typos of boilers, 1218 
water-tube boih'rs, 1219 
UoUs, 232, 271, 1075 


Bolts, lateral resistance of, 240 
Bond stress, 6 

between steel and concrete, 135 
Borings for foundations, 350 
Boston building law quoted on floor loads, 332 
Boston Manufacturers Mutual Insurance Co , table of 
weights of merchandise, 334 
Bostwick Steel Lath Company, 968 , 970 , 972 , 973 , 1017 
Bowman, Waldo G., on Construction equipment, 846 
907 

Boyd, D. K., on Brick, 937-942 

Building and sheathing papers, etc., 1069-1070 
Building hardware, 1071-1077 
Lime, lime mortar, and lime plaster, 976-981 
Terra cotta, 1039-1046 
Tiling, 1046-1062 
Box girders, 1S6 

Bracing of buildings, 467, 667-668 
Brackets in balcony construction, 669 
Bragg, J. G., tests on brick piers, 1520-1628 
Braune, John S., on Roof drainage, 605-609 
Roofs and roof coverings, 594-604 
Sky lights and ventilators, 609-615 
Brick, 937-942 
cement, 941 
classes of, 937 
color of, 937 
enameled, 942 
fire, 941 

fire-resisting qualities of, 340 
glazed, 942 
interlocking, 942 
manufacture of, 938 
paving, 941 

physical properties of, 939 

quality and crushing strength of, 939 

raw materials for, 937 

sand-lime, 940 

size of, 939 

slag, 941 

Brick arch floor construction, 347 
floors, 455 
partitions, 625 
piers, tests on, 1620-1628 
walls, 616 

Brick work, 841-842 
costs, 1088 
estimating, 1108 
mnt(‘rial (‘hwators, 842 
scaffolds, 841 

Bridging in floor eonstmetif)!!, 386 
Tiuokots used in (excavating, 853-864 
Buckling of w(‘b, 115 
Bueyrus-Erice Company shcJvt'I, 850 
Building and sh<>athiag papers, 621, 1069 -1070 
felt, 1070 

insulation boards, 1070 
insulators and (piilts, lOVO 
mineral wool, 1070 
types, 1069 
uses, 1069 

Building materials, 908-1077 
brick, 937-942 
cast iron, 949-953 
ccnnent, 992-997 

mortar and plain concrete, 1021-1081 
concrete aggregates# and water, 997-' 1003 
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Building materials, concrete building stone, 1032-1039 
reinforcement, 1002-1021 
glass and glazing, 1052-1059 
gypsum and gypsum products, 985-991 
hardware, 1071-1077 

lime, lime mortar, and lime plaster, 976-981 
metal lumber, 956-976 
paint, varnish, etc., 1060-1068 
reinforced concrete, 1031-1032 
sheathing papers and insulating materials, 
1069-1070 
steel, 952-956 
stones, 923-936 
structural clay tile, 942-949 
stucco, 981-985 
terra cotta, 1039-1045 
^ tiling, 1046-1052 
timber, 908-923 
wrought iron, 962 
Building stones, 923-936 

drcsvsing machines, 932 

granite, 933 

igneous rocks, 933 

limestones, 936 

marbles, 935 

minerals in, 923 

properties and te.sting, 925—933 

rocks used as, 924 

sandstones, 934 

slate, 936 

stylos of dressing stone, 932 
uses, 933 

Buildings in general, 332-337 

fire prevention and protection, 336 
floor loads, 332 
typos of buildings, 332 
weights of merchandiHC, 334 
Burt, N. J., on Balconies, 668-675 

Floor and roof framing— steel, 405-418 
Long .span construction, 675-682 
Tanks, 651-657 

Wind bracing of buildings, 657-668 
Buttresses, 305-308 
Butts, 1073 

Caisson excavation, 825 
Caissons, 365-369 
ooncroto, 368 
cutting edges, 367 
designs, 366 
dr(‘dged wells, 369 • 
open, 369 
sealing, 369 
shafts, 368 
steel, 367 

water-tight collars, 369 
wood, 368 

Camber in trusses, 838 
Cantilever construction, 359 
Cantilevers, 608 
Carbon stool, 953 
Carpentry, casts, 1091 
Casement windows, 633 
Cast iron, 949-952 

design of castings, 951 
gray iron, 960 
kinds, 949 
malleable, 961 


Cast iron, methods of manufacture, 950 
semi-steel, 951 
white iron, 961 
Cast-iron columns, 204-208 

bracket connections, 206 
caps and bases, 206 
design of, 205 
inspection of, 205 
manufacture of, 204 
properties of, 204 
tests of, 205 
use of, 204 

Cast-iron lintels, 123-126 
bending, 124 

form of cross section, 124 
loads supported, 124 
proportions, 124 
shear, 124 

table of strength, 125 
working stresses, 124 
Cast stone, specifications, 1688 
Catch basins, 1343 
Cellars, water-tight, 369 
Cement, 992-997 
alumina, 996 
chemical analysis, 995 
compressive strength, 995 
containers for, 996 
fineness, 994 
hydraulic lime, 992 
natural, 992 
Portland, 992-996 
puzzolan, 992 
quick-hardening, 996 
seasoning of, 996 
setting and hardening, 993 
soundness, 995 
specific gravity, 995 
storing of, 996 
tensile strength, 996 
testing, 993 
time of setting, 994 
weight, 997 
Cement floors, 456 

Cement mortar and plain concrete. 979 , 1021-1031 
aggregates, proportions, 1026 
control, in construction, 1026 
durability, 1024 
economy, 1025 

effects of various substances, 1029 

formative processes, 1021 

hardened concrete, effect of substances on, 

1030 

properties of concrete, 1029 
qualities desired in concrete, 1022 
quantities required, 1030 
slumps recommended, 1026 
strength, 1022 
uniformity, 102o 
water tightness, 1035 
workability, 1025 
Center of gravity, 16 
Centering for floors, 830 
Centrifugal pumps, 874 
Charitable purpose buildings, 751 
Chemical closets, 1306-1310 

plumbing installations, 1317 
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Chicago boom (derrick), 895 

Chicago Building Ordinance quoted on fire protection, 
342 

Chimneys, 697-705, 1224-1231 
breech opening, C97 
brick stacks, 698 
concrete stack, 099 
determining size for power, 1226 
draft loss in fire. 1225 
economizers, 1231 
cffectire area, 1224 
guyed steel stacks, 705 
height and size for residences, 1230 
induced and forced draft, 1231 
ladders, 705 

lightning conductors, 705 
linings for large, 697 
power plants, 1224 
residence, 1227 
shape, 697 
size and height, 697 
small chimney construction, 697 
steel stacks, 703 
temperature reinforcement, 697 
Chipping tools, 900 
Churches, 744 

foundations for, 357 
Chutes, 1463 

for concrete, 886-891 
Cisterns, 1280 

City buildings, foundations for, 357 
halls, 730 
Civic centers, 743 
Clamshell buckets, 862 
Clapboard on frame walls, 621 
Clay, characteristics, 352 

tile as fire proofing for steel, 339 
Clearances for freight tracks and automobiles, 809-811 
Clifford, Walter W., on Concrete detailing, 321-331 
Restrained and continuous beams, 42-40 
Simple and cantilever beams, 34-41 
Steel shapes and properties of sections, 95-98 
Stress and deformation, 3 
Climate, effect of, on foundations, 355 
Climatic conditions in the U. S., table, 1160 
Clip angles in connections, 288 
Closets, chemical, 1306-1310 
dry, 1310-1312 
incinerator, 1312 
Club houses, 731 
Coal, storing and piling, 1223 
see (ilso Fu(d 

Coefficient of elasticity, 3 
expansion, 6 
Cofferdams, 365 

Cold storage buildings, partitions for, 628 
refrigerator doors, 637 
walls for, 623 
Cold-water paints, 1068 

Collapsible wood forms for floor construction, 437 
Colosseums, 732 

Column construction, fire-resistive, 343-345 
footings, 371, 372 
Columns, 58--64 

application of loads, 60 
cast-iron, 204-208 
formulas, 64 


Columns, concrete, 212-226 

connections to beams in floor framing, 386, 413 

detailing in concrete construction, 326 

eccentrically loaded, 67 

end conditions, 59 • 

estimating, in concrete buildings, 1099 , 1104 

formulas for stresses, 60-64 

loads, 58 

reinforced concrete, specifications, 1584 
spiral, 213 
steel, 20S-212 
formulas, 62 

stresses due to concentric loading, 60 
timber column formulas, 64 
mill construction, 404 
wind stresses on, 666 
wooden, 197—204 

connections with girders, 257 
specifications, 1518 
Combined stresses, 4 
Comfort stations, 742, 777—783 

adequacy of accommodations, 779 
entrance screens, 779 
fixtures, 782 

floor and wall materials, 782 
location and operation, 777 
partitions, 782 
signs, 780 

ventilation and light, 780 
Communicating systems, 1469-1476 
Components of a force, 7 
Composition floors, 457 

of concurrent forces, 8, 9 
non-concurrent forces, 12 
Compressed-air caissons, 826 
Compression flange of a steel beam, 116 
in b<‘ams, 39 
splices, 254 

Concentrated load systems, shears and moments, 32 
Concrete, 1021-1031 

bending and direct stress, 68-79 
curing, 1028 

estimating unit prices, 1110 

finishing surfaces, 835 

fire proofing qualities of, 340 

follow-up tests, 1028 

handling and storage of materials, 833 

joint code, 1670-1674 

materials, 1027 

measurement of materials, 833 , 1027 
mixing, 834 , 1027 * 

placing, 835 , 1028 ’ 
proportioning, 1027 
ready-mixed, 884 

specifications, 1531 - 1566 , 1570-1574 
transporting, 834 , 1028 
Concrete aggn'gates and water, 997 -1002 
blast-furnace slag, 999 
cinders, 999 
classification, 997 
coarse, qualitieSf 997 
requirements, 1001 
crushed stone and screenings, 1000 ' 
fine, materials for, 1000 
qualities, 997 
granite, 998 
gravel, 999 
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Concrete aggregate and water, impurities, 1001 
limestone, 999 

organic contamination of sand, 1001 

requirements, 997 

sand, requirements, 1000 

sandstone, 998 

sea sand, 1000 

tests for sand, 1001 

trap rock or diabase, 998 

water, 1002 

Concrete beams, bending formulas for, 37 
brick, specifications, 1490 
building block and tile, specifications, 1489 
Concrete building stone, 1032-1039 
consistency, 1034 _ 

dry-tamp method of manufacture, 1033 
grades, 1032 
manufacture, 1033 
materials, 1036 

pressure method of manufacture, 1034 
standard units, 1036 
standards and specifications, 1038 
surfaces, 1036 
trim stone, 1036 
uses of cheaper grades, 1032 
wet-cast method of manufacture, 1034 
Concrete buildings, estimating, 1097-1115 
caissons, 368 

Concrete columns, 212-226 
alignment charts, 220 
bar sizes, 215 
bonding in columns, 215 
Chicago standard, 214 
economy, 214 
Emperger columns, 218 
limiting sizes, 215 
long columns, 215 
nomenclature, 212 
plain piers, 213 
reinforcement details, 214 
relative cost, 226 
selecting reinforcement, 220 
spiral columns, 214 
stc(il“Corc columns, 220 
tiocT concrete columns, 213 
types, 212 

Concrete construction, floor and roof framing, 418-441 
continuous beams, 45 
Concrete detailing, 321-331 

architect’s reinforcement details, 322 
beams, 324 
bond, 325 
columns, 326 

(5onnoctions of b(!ams, 325 
construction joints, 327 
dimensions, 321 
engine foundations, 327 
engineer’s reinforcement details, 322 
flat slabs, 324 
footings, 327 
framing plans, 322 
inflection points, 325 
listing, 323 
outlines, 321 
pits and tunnels, 327 
reinforcement assembly, 328 
cover, 328 


Concrete detailing, retaining walls, 327 
rod sizes, 329 
spacing, 324, 325 
splices, 328 

scale and conventions, 323 
schedules, 329 
sections, 324 
shop bending, 328 
slabs and walls, 323 
spacers, 324, 327 
splices, 327 
spiral hooping, 327 
stirrups, 325 

Concrete equipment, 876-891 
barrows, 886 

bending reinforcement, 876 
buckets, 886 
chutes, 886 
chuting plants, 889 
forms, 876 

mixer operations, time of, 882 
mixers, types, 880 
proportioning ingredients, 878 
ready-mixed concrete, 884 
spouts, 886 

storage and handling aggregate, 877 
towers, 889 

transporting and placing, 885 
Concrete floors, 407 
footings, 370 
forms, 876 
partitions, 626 
pile foundations, 362 
reinforced, 1031-1032 
Concrete reinforcement, 1002-1021 

bars, specifications for, 1485-1487 
coefficient of expansion, 1004 
deformed bars, 1005 
expanded metal, 1011 
factors of cost of bars, 1004 
modulus of elasticity, 1004 
quality of steel, 1003 
reinforcing systems, 1017-1021 
rib metal, 1015 
self centering fabrics, 1015 
steel specifications, 1004 
steel wire gage, 1006 
surface of steel, 1003 
types, 1002 
wire fabric, 1005 
working stresses, 1003 
Concrete sheet-piling, 364 

Concrete, specifications, 1631-1566, 1670-1574 
definitions, 1532-1567 
depositing, 1639, 1573 
design of reinforcement, 1645, 1576 
forms, 1640, 1674 
materials, 1534, 1669 
mixing, 1637, 1673 
proportioning, 1537, 1671 
quality and working stresses, 1670 
reinforcement, 1641, 1674 

water-proofing and protective treatment, 1542. 

1674 

Concrete Steel Company, 957 
Concrete walls, 616 

Concreting plant for foundation work, 827 
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Concurrent forces, composition of, 8, 9 
equilibrium of, 9, 10 
resolution of, 8 
Conklin, Charles D., Jr., on Standardized industrial 
buildings, 802-809 
Structural steel detailing, 310-321 
Connection angles between steel members, 285-289 
Consolidated Expanded Metal Company, 1012, 1021 
Construction equipment, 846-907 

concrete equipment, 876-891 
excavating equipment, 846-861 
hoists, derricks, and scaffolds. 892-899 
material transporting equipment, 861-866 
miscellaneous, 903-907 
piling and pile-driving equipment, 865-873 
pumping equipment, 873-876 
steel-erection equipment, 900-903 
wood working equipment, 891-892 
Construction in wood, 837-839 
camber in trusses, 838 
erection, 839 
methods, 838 
storage of material, 837 
working details, 838 
Construction methods, 815-846 
brick work, 841-842 
construction in wood, 837-839 
elevator and stair work, 843-846 
excavating, 824-826 
floor construction, 830-837 
foundation work, 826-828 
mechanical trades, 842-843 
preparation of site, 820-824 
sequence of finishing trades, 846 
stone work, 839-841 
structural steel work, 828-830 
system and control in building, 815-820 
Continuous beams, 42-49 
Contracts, 1117, 1120-1135 

alterations and converting, 1133 
arbitration, 1134 
architect, 1121, 1134 
bonds, 1126 
builders, 1120 

certified checks and bidding bonds, 1126 

construction materials, 1134 

cost-plus-bonus, 1125 

cost-plus-fees, 1124 

cost-plus-percentage, 1124 

day labor vs. contracting, 1121 

engineers, 1121 

extra work, 1133 

forms of, 1123 

general contractor, 1129 

law of, 1122 

laws preliminary to, 1122 

lump-sum, 1123 

makeup, 1130 

moving buildings, 1133 

owner, 1120 

parties to, 1126 

payments, 1127 

percentage, 1126 

plans and specifications, 1134 

prevailing rates of wages, 1125 

proposals, 1126 

xniblio and private, 1122 


Contracts, quantities of work, 1133 
quantity surveying, 1133 
retained percentages, 1128 
signing, 1128 
subcontractors, 1129 
supplemental, 1129 
terminating and breaches, 1128 
time limits, 1126 
unit-price, 1123 
wrecking buildings, 1132 
Convention halls, 732 
Cork tile floors, 455 
Cornices and parapet walls, 630-633 
Corp, Charles I., 1262, 1263 
Corr reinforcing system, 1019 
Corrugated iron or steel, costs, 1091 
lath, 972 

Cost data for building operations, 819 
Costs of steel buildings, 1080-1096 
Couple, definition, 7 
Courthouses, 729 
Cover plates for steel beams, 117 
splicing, 285 
Covering, pipe, 1241 
Cranes for building operations, 860 
Crowcll-Lundoff-Littlo Co , 805, 806 
Cummings reinforcing systems, 1019 
Curtain walls, 623 

Daily report of building operations, 820 
Dance halls and academies, 742 
Data, structural, 332-711) 

Day, W. H., 1478 
Day labor versus contracting, 1121 
Daylight illumination, 1417-1421 
Dead load, definition, 2 

Dean, P. W,, on Slow-burning timber mill construction, 
399-405 

Definitions of terms, 2-6 
Deflection of beams, 40, 49, 100, 116 
Deformation, 3 
Derricks, 895-897 
fixed, 861 

for erecting steel frame buildings, 829 
Designing and detailing structural membtTs, 95-331 
bearing plates and bases, 227-229 
east iron columns, 204“ 208 
lintels, 123-126 
concrete columns, 212-226 
detailing, 321-331 
masonry arches, 299-304 
piors and buttresses, 305 -308 
plate and box girders, 1 84-191 
purlins for sloping roofs, 191-197 
reinforced concrete beahm and slabs, 127-174 
splices and connections' 8t<‘el members, 
260-298 

wooden members, 231-260 
steel beams and girders, 115-123 
columns, 208-212 

shapes and properti(^s of sections, 96-98 
structural steel detailing, 310-321 
tension members, 229-231 
timber detailing, 308-310 
wooden beams, 98-114 
wooden columns, 197-204 
girders, 174-183 
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Designing data, 717-811 

acoustics of buildings, 754-761 
architectural designs, 717-728 
clearances for freight tracks and automobiles, 
809-811 

comfort stations, 777-783 
farm buildings, 783-787 
industrial plants, 787-802 
office buildings, 773-777 
public buildings, 728-753 
school planning, 761-773 
standardized industrial buildings, 802-809 
Detention buildings, 746 
Determination of reactions, 18 

Dewoll, Henry D., on Construction in wood, 837-839 
Floor and roof framing, 385-399 
Splices and connections, wooden members, 
231-260 

Timber, 908-923 
Timber detailing, 308-310 
Wooden beams, 98-114 
Wooden columns, 197-204 
Wooden girders, 174-183 
Diamond drill borings for foundations, 351 
Diaphragm pumps, 873 
Diary of building operations, 820 
Dibble, S. E., on Plumbing and drainage, 1313-1362 
Diesel shovel, 849 

Doerfling, Richard G., on Domes, 705-716 
Dollies, 900 
Domes, 705-716 
dead loads, 706 
definitions, 705 
framed, 706 

framing material and cover, 713 
reinforcement, 716 
snow load, 706 
solid, 713 

stress diagrams, 707 
formulas, 701 
wind pressure, 705 
Doors, 636-640 

alignum fireproof, 639 
cross horizontal folding, 637 
freight elevator, 838 
hand and bevel, 1076 
hollow metal, 638 
hospital and hotel, 637 
kalameined, 038 
metal clad, 639 
office building, 636 
Pyrona, 638 

reirigerator, in cold storage buildings, 637 
residence, 636 
revolving, 639 
steel, 638 

Double-layer beam girder, 117 
Drag scrapers, 866 
Drainage, 1313-1362 

for ground floors, 459 
of roofs, 605-609 
Drains, floor, regulations, 1346 
house, 1316 
regulations, 1329 
subsoil, 1313 
yard, 1814 

Dredged wells for foundations, 369 


Drill steel and bits, 861 
Drills, air and electric, 901 
for rock excavating, 858 
Drinking devices, 1322-1324 
bubbler fountains, 1323 
Drop hammers for pile driving, 822 
Dry closets, 1310-1312 
Dumb-waiters, 1448 
Dynamites, 867 

Eccentric connections between steel members, 289 
force, 4 

loading on foundations, 359 
Economizers in chimneys, 1231 
Elastic limit, 3 

Elasticity, modulus and coefficient of, 3, 6 
Electric elevators, 1434 
Electric lighting, 1387-1421 

design of hghting systems, 1393 
distribution curves, 1388 
of light, 1387 

essentials of good illumination, 1390-1393 
globes and shades, 1408 
industrial lighting, 1411-1415 
lighting accessories, 1407 
office lighting, 1409 

quantity and distribution of light, 1396 
reflectors, 1408 
residence lighting, 1416-1417 
selection of units, 1394 
size and location of lamps, 1401-1407 
types of lighting systems, 1393 
units of illumination, 1389 
window locations, 1419 
Electric refrigerators, 1468 
Electric Welding Company, 1019 
Electrical equipment, 1363-1386 

alternating-current generators, 1360 
motors, 1360 
armored cable, 1372 
calculation of D-C. circuits, 1364 
center of distribution, 1369 
circuit, 1367 
circuits, kinds of, 1367 
current, 1364 
currents, kinds of, 1367 
cut-out panels and cabinets, 1377 
distributing systems, 1379 
electromotive force, 1364 
energy, 1363 
flexible conduit, 1371 
fuses, 1373-1375 
heat developed in a wire, 1366 
household appliances, 1361 
induction motors, fuse and wire sizes for, 1374 
interior wiring, 1361 
knob and tube wiring, 1373 
machines and apparatus, 1358 
Ohm’s law, 1355 
outlet boxes, 1378 
parts of a circuit, 1369 
power, 1353 
pressure, 1354 , 1355 
protection of circuits, 1373 
resistance, 1354 
rigid conduit, 1369 
specifications, 1381 



1596 


INDEX 


Electrical equipment, switches, 1376 
symbols for wiring plans, 1383 
three-wire systems, 1362 
voltage drop, 1355 

calculation of, 1367 
wire measurements, 1365 
required, determining, 1380 
wiring concrete buildings, 1384—1386 
methods, 1369 
table, 1359 

Electrolysis as a danger to foundations, 358 
Elements of structural theory, 2-94 

bending and direct stress, concrete, 68-79 
■wood and steel, 64-68 
columns, 58-64 

computing stresses in. trusses, 49-53 
definitions of terms, 2 
principles of statics, 7-17 
reactions, 17-22 

restrained and continuous beams, 42-49 
shears and momenta, 22-34 
simple and cantilever beams, 34-41 
stress and deformation, 3-6 
stresses in roof trusses, 53-58 
unsymmetrical bending, 79-94 
Elevator and stair work, 843-846 
shafts, 649 
wells, 416 

Elevators, 1434-1458 

automatic dumb -waiters, 1448 

capacity and loading, 1437 

chutes, 1463 

clearances, 1438 

control systems, 1441-1445 

counterbalancing, 1436 

electric, 1434 

escalators, 1449-1452 

for building materials, 842 

hatchway construction, 1445-1447 

inclined, 1462 

layout, 1436 

location of machine, 1436 
micro leveling, 1440 
oil buffers, 1439 
operation, 1440 
rope compensation, 1438 
safeties, 1438 

spiral-gravity conveyors, 1462 
Emperger columns, 218 
Engines, power, 1233 
Equations for stresses in roof trusses, 54 
Equilibrium of concurrent forces, 9, 10 
forces, 7 

non-concurrent forces, 12 
Equipment, electrical, 1353-1386 
excavating, 846-861 
for construction, 846-907 
Erecting equipment for steel frame buildings, 829 
Escalators, 1449-1452 
Estimating concrete buildings, 1097-1115 
area and cube, 1098 

carborundum rubbing, 1104, 1106, 1113 
columns, 1099, 1104 
concrete, quantities, 1098-1104 
unit prices, 1110 

doors, frames, and hardware, 1108 
drop panels, forms for, 1106 


Estimating concrete buildings, engineering and plans, 

1109 

excavation, 1107 
floor and roof slabs, llOl, 1106 
footings, 1098, 1104 
forms, unit price, 1113 
formwork, 1104-1107 
foundation walls, 1099, 1104 
glass and glazing, 1108 
granolithic finish, 1103, 1112 
interior floor beams, 1102, 1106 
liability insurance, 1109 
light iron work, 1109 
masonry, 1108 
painting, 1109 
partitions, 1102, 1106 
paving, 1103 
plastering, 1108 
profit, 1110 
quantities, 1097 
reinforcement, 1107 
unit price, 1116 
roofing and flashing, 1109 
stairs and landings, 1103, 1106, 1112 
steel sash, 1108 
sundries, 1110 

superintendence, office, ete., 1110 
unit prices, 1110 
wall beams, 1101, 1106 
window sills and copingvS, 1102, 1106, 1112 
Estimating steel buildings, 1080-1096 
backfill, 1082 
brickwork, 1088 
carpentry, 1091 

composition roof coverings, 1096 
corrugated iron or Rt(‘el, 1091 
erection of structural steel, 1086 
excavation, 1082 
general field expenses, 1096 
glazing steel sash, 1090 
inspection of site, 1080 
nails, 1091, 1094 
painting, 1096 
pumping and bailing, 1082 
sample, for foundation, 1080 
shoring, 1082 

steel sash and operators, 1090 
struetural steel, 1088 
Eu1<t’ 8 formula, 60 

Evans, Ira N., on Heating, viuitilation, and power, 

1144-1244 

Evans* vacuo luxating systimi, 1193-1196 
Excavating, 3fJ3-369, 824 826 
compressed-air caissons, 826 
open caissons, 825 

protection of adjaemit structur<‘H, 825 
rock exoavation, 825 
sheet piling and shifting soils, 826 
shoring, sheeting, and underpinning, 824 
steam-shovel, 824 
Excavating equipment, 846-861 
concrete breaker, 861 
cranes, 860 
explosives, 866 
fixed derricks, 861 
for earth, 846-866 
rook, 866-861 
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Excavating equipment, grab buckets, 852 
handling buckets, 864 
picks, 864 
plows, 864 

pneumatic clay spaders, 861 
power shovels, 846 
rock drills, 868 
scrapers, 865 
shovels, hand, 854 
Excavation, costs, 1082 
estimating, 1107 
Excavations, pumping, 827 
Expanded metal, 1011 

and plaster partitions, 627 
Explosives for rock excavation, 866 
Exposition buildings, 741 

Factor of safety, 5 
Factories, foundations for, 357 
natural lighting, 1419 
Factory lumber, 913, 922 
Fair park buildings, 739 
Farm buildings, 7S3-787 
cattle barn, 783 
horse barn, 7S6 
manure pit, 786 
swine barns, 787 

Fiber stress coofRcients for beams, 90 

in unsymmetrical bending, formulas, 79 
Fillers, 1068 

Filters for sewage disposal, 1296, 1299 
Filtration of water, 1251 
Financing a building project, 1119 
Finishing trades in building operations, 846 
Firo engine houses, 731 

prevention and protection, 336 
Fire protection of structural steel, 337-343 
brick, 340 
concrete, 340 
coverings for steel, 338 
effects of heat in steel, 337 
hollow clay tile, 339 
intensity of heat in a fire, 338 
plaster, 341 

resistance of materials to fire, 339 
S('lection of protective covering, 341 
thickness of proteetivo covering, 342 
Firo-r<‘si stive column construction, 343-345 

oovoring for cylindrical columns, 343 
hollow tile columns, 343 
r(‘inforced concrete columns, 343 
ste(4 columns, coverings for, 343 
Fir(‘.-r(‘Hi8tiv(i floor construction, 345-349 
.brick arch floor construction, 347 
firo tests, 345 
Heroulean flat arch, 349 
hollow tilo flat arch, 347 
New York reinforced tilo floor, 349 
protecting steel girders, 346 
reinforced concrete floors, 346 
requirements, 345 
scuppers, 346 
segmental arches, 349 
simplex floor arch, 348 
terra cotta or tile floor arches, 347 
Mre streanw. 1264 
Fireproof construction, 137 


Fireproofing buildings, 405 
Fish plate splice, 250-252 
Fittings, pipe, 1239-1244 
Flange angles, splicing, 284 
Flange buckling of beams, 40 
Flanges of plate girders, 184 
Plat slab construction, 441-453 

A. C. I. standard regulations, 443 
design diagram, 447 
standards, 443 
detailing, 324 
length of bars, 447 
moment coefficients, 446 
rectangular panels, 450 
slab and drop thickness, 446 
supporting and securing reinforcement, 453 
types of flat slabs, 441 
Flat slabs, specifications, 1580 
Fleming, R., quoted on the use of bolts, 271 
Flexural modulus, 81 

Flexure formulas for reinforced concrete beams an<i 
slabs, 127 

Flitch-plate girders, 179 
Floor and roof framing, concrete, 418-441 
bar supports and spacers, 419 
beam schedules, 437 

collapsible wood forms for floor construc- 
tion, 437 

gypsum floor-tile construction, 436 
hollow-tile construction, 426-436 
long span rectangular beams, 424 
marking of bent rods, 421 
metal floor-tile construction, 436 
Rawsome unit system, 438 
saw-tooth roof construction, 439 
screeds for floor slabs, 420 
slab steel arrangement, 418 
T-beam design, 422 
Floor and roof framing steel, 405-418 
timber, 385-399 
arch systems, 836 

beams in bridge construction, effect on shears and 
moments, 26 

Floor construction, concrete, 830-837 

bending and placing reinforcement, 832 

centering for floors, 830 

concreting in hot and cold weather, 836 

finishing concrete surfaces, 835 

floor arch systems, 836 

forms for concrete, 831 

handling and storage of concrete materials, 

833 

measurement of materials, 833 
mixing concrete, 834 
placing of concrete, 836 
T-beams in, 142-147 
transporting concrete, 834 
Floor construction, fire-resistive, 345-349 
Floor construction, steel, 405-416 
beams connections, 412 
column connections, 413 
concrete floors, 407 
connections of parts, 412 
elevator wells, 416 
girders, 410 
joists, 410 
pipe shafts, 41C 
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Floor construction, steel, separators, 414 
stair wells, 415 
tile arch floors, 406 
wood floors, 405 
Floor framing timber, 385—391 
bridging, 386 

columns, connections to, 386 
girder arrangement, 3S6 
mill construction, 395-399 
sheathing and joists, 385 
stud partitions, table, 389 
typical floor bay design, 388 
walls, connections to, 386 
Floor loads, 332 

openings and attachments, 458 
Floor surfaces, 453-458 
asphalt, 457 
brick, 455 
cement, 456 
composition, 457 
foundations for tile floors, 456 
glass inserts in sidewalks, 457 
hardwood, 454 
linoleum, 457 
loading platforms, 455 
parquetry, 454 
refinishing wood floors, 454 
softwood, 453 

supports for wood floors, 456 
terrazo finish, 457 
tile, 465 

trucking aisles, 455 
wood, 453 
blocks, 455 
Floors, concrete, 407 
hollow-tile, 426-436 
in timber mill construction, 403 
tile arch, 406 

wood, in steel framing, 405 
Folding doors, 637 
Footings, 370-385 
brick, 371 
column, 371 
combined, 376 

continuous exterior column, 382 

estimating concrete for, 1098 

formwork for, 1104 

heavy wall, 371 

light wall, 370 

piers sunk to rock, 384 

piles, under reinforced concrete, 384 

plain concrete, 370 

raft foundations, concrete, 383 

rectangular, 376 

reinforced concrete, for columns, 372 

single slab, 373 

sloped, 373 

specifications, 1586 

stepped, 376 

steel beam and girder, 385 
stone, 371 
waU, 376 

wooden grillage, 370 
Force, definitions, 7 
diagram, 8 
elements of a, 7 


Forces, concurrent, composition of, 8, 9 
equilibrium of, 9, 10 
resolution of, 8 
definition, 2 
moments of, 17 

non-concurrent, composition and equilibrium of, 12 
reactions, IS 

Forms for concrete, 831, S76 
specifications, 1540 
Formwork, estimating, 1104—1107 
unit price for, 1113-1115 
Foundation work, 826-828 
concreting plant, 827 
damage by rainfall, 827 
forms and reinforcement, 828 
pumping of excavations, 827 
waterproofing of foundations, 828 
Foundations, 360-369 

allowances for uneven settlemonts, 356 
auger borings, 350 
bearing pressure, 359 
building on old, 355 
cantilever construction, 359 
characteristics of soil, rock, etc., 351—364 
churches, 357 
city buildings, 357 
cofferdams, 365 
concrete-pile, 362 , 

raft, 383 

diamond drill borings, 351 
dredged wells, 369 
eccentric loading, 369 
effect of climate, 356 
electrolysis, 368 
excavating, 363-369 
factori<‘a, 357 
loads on, 354 
partly on rock, 358 
pneumatic caissons, 365-369 
poling board method, 365 
residences, 366 
rod test, 350 
rust, 358 
sand-pilo, 363 
sheet-piling, 363 

soil testing for bearing capacity, 351 
survey of site;, 350 
test pits, 351 
wash borings, 350 
water-tight (v'llars, 36t) 
waterproofing, 356 
wood borers, 360 
wooden pile, 360-362 
Foundries, 798 
Frame walls, 620 
Fn'ight elevator doors, 63(S 

loading tracks, elearanc(*8 for, 809 
I^'uel, 1222 

combustion, 1228 
consumption, 1223 
smoko, 1223 

storing and piling coal, 1223 
Fuller, William J., on Splices and connections: steel 
members, 260 
Furnaces, 1180 

Gas engines, 1238 
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Gas fitting, 1429-1433 
flow of gas, 1431 
installing pipe, 1432 
pipe, 1429 
fittings, 1430 
testing, 1433 
tools used, 1431 
Gas lighting. 1422-1428 
definitions, 1422 
design of system, 1424 
lamps, 1423 

semi-indirect illumination, 1427 
Gasoline shovel, 848 
tanks, 657 

General Fireproofing Company, 968, 970, 973, 1013, 
1016 

Generators, alternating-current, 1360 

Gilman, Harry L., on Industrial plant layout, 787-802 

Girder, definition, 2 

Girders, design of wind-bracing, 664 

gravity and wind bending stresses in, 663 
in floor construction, 386 
roof construction, 392 
steel floor framing, 410 
plate and box, 184-191 , 
protection of steel, 346 
wooden, 101, 174-183 
Glass and glazing, 1062-1069 
colored, 1068 
costs, estimating, 1090 
defects, 1062 
estimating, 1108 
glazing, 1069 
grading, 1063 

metal store-front construction, 1069 

mirrors, 1066 

physical properties, 1062 

polished plate glass, 1066 

prism glass, 1057 

processed glass, 1068 

putty, 1069 

raw materials, 1062 

sidewalk glass, 457, 1057 

skylight glass, 611 

special, 1068 

window glass, 1063 

wire glass, 1066 

Gordon type of formula for columns, 206, 208 
Gordon’s formula for stresses, 61 
Grab buckets, 852 
Granite for building, 938 
Graphical method of joints, 54 

treatment of the method of sections, 52 
Gravel, characteristics, 354 
Gravity tanks, 653 
Grillage beams, 118 
Grillages, setting, 828 
Grinders, air and electric, 901 
Ground floors, 469 
Gypsum and its products, 986-991 
classification, 986 
partition tile or block, 989 
plaster board, 987 
plasters, 985 
wall board, 989 
Gypsum block partitions, 627 
floor-tilo construction, 436 


Hardpan, characteristics, 353 
Hardware, 1071-1077 
adjusters, 1074 
bolts, 1075 
butts or hinges, 1073 
finishing, 1071 

hand and bevel of doors, 1076 
locks, 1072 
miscellaneous, 1076 
rough, 1071 
window pulleys, 1075 
Hardwood flooring, 454 
Hart, W. E., on Stucco, 981-896 
Hauck Manufacturing Company, 907 
Hauer, Daniel J., on Contracts, 1120—1135 
Specifications, 1136-1141 
Heat, effect of, on steel, 337 
intensity of, in a fire, 338 
Heating, 1147-1198 

air-line vacuum systems, 1190 
allowances for persons and lights, 1166 
B.T.U. losses of building materials, 1164 
calculation of transmission, 1163 
climatic conditions in the U. S., 1150 
coefficients for different materials, 1162 
combined heating and power, 1192 
comparison of systems, 1196 
costs of systems, 1197 
Donnelly positive differential system, 1191 
Evans’ vacuo system, 1193-1195 
flues and hot-air pipes, 1181 
forced hot water system, 1172-1176 
furnaces, 1180 

gravity hot water system, 1,175-1179 
high-pressure steam system, 1192 
hot-air furnace system, 1179-1184 

water with condensing reciprocating engines, 

1192 

indirect heating system, 1184-1190 
infiltration, heat loss by, 1156 
inside temperature, 1149 
location of radiators, 1166 
low pressure gravity steam system, 1168-1172 
measurement of flow of fluids, 1166 
pipe coils, 1165 
principles of piping, 1166 
radiation, 1158 
radiators, 1164 
return pipes, size of, 1171 
selection of a system, 1196 
steam pipes, size of, 1168 
transmission of heat, 1147 
' unit fan heaters, 1190 

vacuum exhaust steam system, 1191 
steam system, 1190 
vapor systems, 1191 

Heating and power generating system, 1192 
Heating, ventilation, and power, 1144-1244 

boilers, fuels, and chimneys, 1218-1233 
heating, 1147-1198 
piping and fittings, 1239-1244 
power, 1233-1239 

properties of air, water, and steam, 1144-1147 
ventilation, 1198-1218 
Hennebique reinforcing system, 1020 
Herculean flat arch, 349 
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Herron, James H., on Cast iron, 949—952 
Steel, 952-956 
Wrought iron, 962 

High-pressure steam system of heating, 1192 
Hinges, 1073 
Hoists, 892-896 

hand-operated, 894 
power-operated, 895 

Holinger, Arnold C-, on Footings, 370-385 
Hollander, E , on Elevators, 1434-1453 
Hollow building tile, -^ee Structural clay tile 
clay tile for fire proofing, 339 
metal doors, 63S 
windows, 635 
tile columns, 343 

construction, 426-436 
flat-arch floors, 347 
Homes, charitable, 751 
Hool, George A., on Cement, 992-997 
Computing stresses in trusses, 49-53 
Principles of statics, 7-17 
Reactions, 17-22 
Shears and moments, 22-34 
Hospital buildings, 751 

Hot-air furnace system of heating, 1179-1184 
water service and heating mediums, 1319 
systems of heating, 1172-1179 
Hotels, 731 
House tanks, 655 

Howe, Prof. M. A., formula for allowable pressure on 
timber, 248 

Hydraulic data, 1260-1267 

capacities of pipes, ratio of, 1263 
fire streams, 1264 
flow of water in pipes, 1261 
loss of head, 1262 
pressure of water, 1260 
rain loaders, 1266 
sprinkler systems, 1264 
standpipe and hose systems, 1266 
Hydraulic lime, 992 
rams, 1267 

I-beam joist, 969 

Ice manufacturing plants, 1466-1467 
Igneous rocks for concrete aggregates, 998 
Illumination, daylight, 1417-1421 
electric, 1387-1421 
Imhoff tanks for sewage, 1294, 1299 
Incinerator closets, 1312 
Indirect heating system, 1184-1190 
Industrial buildings, standardizc'd, 802-809 
hours for women, 748 
lighting, 1411-1415 
Industrial plants, 787-802 

chemical industries, 800 
conduits, 794 
cranes, 794 

fire prevention and protectiorx. 795 
floors, 793 
forge shops, 799 
foundations, 793 
foundries, 798 

heating and ventilation, 794 
industrial terminals, 791 
lighting, 793 

locating an industry, 787 


Industrial plants, loft buildings, 791 
machine shops, 798 
materials of construction, 792 
metal working industries, 797 
pattern shops, 799 
planning for growth, 796 
power plants, 796 
preparation of plans, 788 
pulp and paper mills, 800 
shipping facilities, 789 
shoe factories, 801 
site, 787 

textile mills, 800 
transportation, 794 
type of buildings, 791 
wood-working shops, 799 
industrial schools, 748 
Infiltration galleries, 1249 
Influence lines, 30 

Ingersoll Rand Company drills, 860 
Insulating materials, 1069-1070 
Insulation of walls, 623 

Jacoby, Prof., formula for allowable pri'bsure on timber, 
249 

Jails, 747 

Jansky, C. M., on Communicating syMteins, 1469-1476 
Electric lighting and illuniinatiun, 1387-1421 
Electrical equipment, 1353-1386 
Gas fitting, 1429-1433 
Gas lighting, 1422-1428 
Lightning prot<'ction, 1477-1479 
Jeffrey Manufacturing Company b(4t o<>nv<*yorH, 864 
Jetting, in driving piles, 822 

Johnek, Frederick, on Cornices and parap<‘t walls, 630- 
633 

Doors, 636-640 
Office buildings, 773-777 
Partitions, 625-630 
Walls, 615-625 
Windows, 633-635 

Johnson, J. B., formulas for timber columns, 199, 200 
Johnson, Nathan C., on Concrete aggregates, 997 1002 
Reinforced concrete, 1031-1032 
Joint code for reinforced conert^te, 1567 1587 
Joints, lap and butt, 271-279 
computations, 273 
design of, 278 

distributioi\ of stress in, 272 
efficiency, 279 
failure of, 272 
friction in, 272 
not sections, 275 
Joist hangers, 256 

Joists and girders, connections Ix'iwetui, 254 
in steel floor framing, 410 
spacing of, in floor construction, 385 
steel, 957 
wooden, lOO 

specifications, 1494-1509, 1511 
Jones and Laughlin Bteel Corporation, 960 
steel sheet piling, 867 

Kahn reinforcing system, 1017 

Kalameined doors, 638 

Kalman Steel Company, 1019 

Kern, Leroy E., on Glass and glassing, 1052-1059 
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Kidwell, Edgar, tests on girders, 176 
King, Frank R., on Drinking devices, 1322-1324 
Plumbing and drainage regulations, 1324-1352 
Public comfort stations, 777-783 
Waterless toilet conveniences, 1300-1312 
Kingsley, H. Ray, on Protection of structural steel 
from fire, 337-343 
Structural clay tile, 942-949 
Kinne, W. S., on Arched roof trusses, 565-584 
Design of purlins for sloping roof, 191-107 
Detailed design of a steel roof truss, 531-547 
Detailed design of a truss with knee braces, 548-564 
Detailed design of a wooden roof truss, 511-531 
Ornamental roof trusses, 585-594 
Roof trusses, general design, 460-475 
Roof trusses, stress date, 475-510 
Unsymmctrical bending, 79-94 
Kirohoffer, W. G., on Sewage disposal, 1288-1299 
Water supply data and equipment, 1245-1287 
Knee-braced roof truss, 548-564 

Knight, W. J., on Floor and roof framing, concrete, 
418-441 

Reinforced concrete beams and slabs, 127-174 

Lacing on steel columns, 209 
I^ackawanna steel sheet piling, 866 
Lacquer, 1067 

La Gaard, Prof., concrete column formulas, 212-226 
Larssen Ht(‘el sheet piling, 867 

liateral resistance of nails, screws, and bolts, 232-244 
support for wooden beams, 100 
of compression flange, 116 
Lath,’ metal, 967-976 
corrugated, 972 
general uses, 973 
integral, 972 
ribbed, 970 
sheet, 973 
weights, 974 
wire, 973 

Lattice on steel columns, 209 
Lead burning, 1317 
Ijiability insurance, estimating, 1110 
Libraries, 730 

Lighting, electric, 1387-1421 

equipment for construction work, 906 
gas« 1422-1428 
Lightning conductors, 705 
Lightning protection, 1477-1479 
electrical conductors, 1477 
installation of lightning rods, 1478 
nature of lightning, 1477 
Lime, 976-981 

hydrat(?d, 977 
mortar, 978 
plaster, 9T8 

materials for, 979 
plastering specifications, 980 
products in cement mortar, 979 
putty, preparation of, 977 
quicklime and its manufacture, 976 
slaking quicklime, 977 
stucco, 985 

Limestones for building, 936 
Linoleum, 467 
Lintels, cast-iron, 123-126 
Live load, definition, 3 


Load, definition, 2, 3 . 

Loads on colurrms, 58 
foundations, 354 
roofs, 472-477 

See also Shears and moments 
Loam, characteristics, 353 
Locks, 1072 
Lockup, 746 
Loft buildings, 791 
Long span construction, 675-682 
Lord, Arthur R., on Concrete columns, 212-226 
Flat slab construction, 441-453 
Lug angles in connections, 288 
Lumber, classification of, 911 
measurement, 916 
metal, 966-967 
sizes, 917 

specifications for grades, 1491 
Luten truss, 1020 

MacGregor, Prof., tests on mortars, 978 
Machine drills, 858 
shops, 798 

McMillan, Prof, concrete column formulas, 212 
Macomber Steel Company, 957 
Magnesite stucco, 985 
Mahon (R. C.) Company, 964 
Mail chutes, 686-687 
Marani, V. G., 989 
Marble for building, 935 
tile floors, 456 
Marine borers, 359 
Marion Steam Shovel Company, 860 
Marl, characteristics, 353 
Masonry arches, 299-304 
brick arches, 300 
definitions, 299 
depth of keystone, 299 
external forces, 301 
forms of arches, 300 
line of pressure, 301 
Masonry, estimating, 1108 
Material transporting equipment, 861-866 
belt conveyors, 863 
motor trucks and tractors, 862 
wagons, 862 
wheelbarrows, 861 
Mausoleums, 743 
Maximum shear, 24 

Mayers, Clayton W., on Estimating concrete buildings, 

1097-1115 

Mechanical refrigeration, 1459-1468 
absorption system, 1461 
compression system, 1460 
domestic installations, 1468 
ice manufacturing plants, 1466 
measurement of refrigerating effect, 1469 
method of application, 1463 
proportioning of cooling surface, 1464 
practical notes, 1467 
rating of machines, 1469 
refrigerating load, 1462 
mediums, 1459 
Mechanical stokers, 1282 
trades, 842-843 
Memorial bmldings, 743 
Merchandise, table of weights, 334 
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Metal clad doors» 639 

floor-tile construction* 436 
lath, 967-976 
Metal lumber, 956-967 
I-beam joist, 969 
open-type truss, 967 
plate-girder joists, 968 
steel joists, 957 
roof deck, 964 
studs, 961 
types, 966 

Method of sections, algebraic treatment, 50 
graphical treatment, 52 
Military buildings, 742 
IMill construction, 395-399 

slow burning timber, 399-405 
Milwa^ikeo-Corrugating . C Q i n. p any.r- 964 , 969 , 971 , 972 , 
1016 

Mixers for concrete, 880 
Modul of elasticity, ratio of, 6 
Modulus of elasticity, 3 
rupture, 5 

Moment, bending, 22 

distribution in continuous beams, 147 
in continuous beams, 46 
of a force, 7 

Moments and shears, 22-34 
of forces, 17 
Monitors on roofs, 41S 
Moore, Lewis E., quoted, 97, 209 

Morris, Clyde T., on Bearing plates and bases for 
beams, girders, and columns, 227—229 
Bonding and direct stress, wood and steel, 64 
Steel columns, 208-212 
Tension members, 229-231 
Mortar, lime, 978 
Mosaic floors, 456 
Motor trucks and tractors, 863 
Motors, alternating current, 1360 • 

Moulton, A. G., on Construction methods, 816 - 837 , 
839-846 

Multiple beam girders, 117 
Municipal buildings, 730 
Music halls, 741 

Nails, 231 

estimating, 1091 , 1094 
lateral resistance of, 232 
National Concrete Company, 1021 
National Steel Fabric Company, 1007 , 1014 
Natural illumination, 1417-1421 
New York reinforced tile floor, 349 
Non-concurrent forces, composition and equilibrium of, 
12 

determination of reactions, IS 
Normal schools, 738 

Northwestern Expanded Metal Company, 968 , 970 , 
972 , 1013 
Notation, 1480 

Office buildings, 773-777 

arrangement of offices, 774 
column spacing, 777 
doors, 636 
floor finish, 774 
general plan, 776 
lighting of offices, 1409 


Office buildings, office requirements, 776 
pipe and wire shafts, 774 
story height, 776 
toilets, 774 

type of construction, 774 
Open-type truss, 967 
Orange-peel buckets, 853 
Orders of architecture, 719 
Ornamental roof trusses, 585-594 
Owen, Allan F., on Clearances for freight (racks 
automobiles, 809-811 
Floor openings and attachments, 458 
Floor surfaces, 453—458 
Ground floors, 459 
Retaining walls, 688-696 
Oxyacetylcne cutting, 901 

Paint, 1060-1066 

application, 1063 
cold-water, 1068 
composition, 1060 
dryers, 1063 
drying oils, 1062 
evaluation, 1060 

formulas, apeoifications and teats, 1068 
functions and properties, 1060 
interior walls, 1066 
manufacture, 1063 

painting concrete, brickwork, etc., 1064 
pigments, 1061 
preparation for use, 1063 
steel and other metals, 1065 
terms in apecificationa, 1068 
thinners, 1063 
Painting, 1096 

estimating, 1109 

Parabolic formula for stresses, 62 
Parapet walls, 604, 617, 632 
Park buildings, 741 
Partition deadening, 623, 628 
Partitions, 625-630 
brick, 625 

cold storage buildings, 628 
concrete, 626 

expanded metal and plaster, 627, 628 

finishes, 629 

fireproof, 625 

gypsum blocks, 627 

lith, 628 

non-fireproof, 627 
plaster board, 628 
sound dcadeners for, 623, 628 
tile, 626 
toilet room, 630 
wall board, 628 
wood and plaster, 627 
Party walls, 622 

Peabody, Arthur, on Architectural de-sign, 717-728 
Architectural practice, 1116-1119 
Architectural timber work, 585 
Farm buildings, 783-787 
Mail chutes, 686-687 
Public buildings, general dt'sign, 728 -763 
Swimming pools, 682-686 
Peat, oharacterietios, 363 
Penitentiaries, 748 
Photographs of building site, 890 
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Pickard, Glenn H., on Paint, varnish, etc., 1060-1068 
Pier construction of walls, 616 
Piers and buttresses, 305-308 

designing for stability, 307 
methods of failure, 305 
principles of stability, 305 
Piers, brick, tests on, 1620-1528 
under foundations, 384 
Pigments, paint, 1061 
Pile driving, 821-824 

foundations, concrete, 362 
sand, 363 
wooden, 360-362 

Piles, reinforced concrete footings on, 384 
Piling and pile-driving equipment, 866-873 
caps for piles, 871 
drivers, 867 
hammers, 868 
points or shoes, 871 
pulling sheet piling, 872 
sheet, 363, 826, 865 
steel sheet piling, 364, 866 
wood sheet piling, 866 
See also Excavating 

Piltz, A. W., on Metal lumber, 966, 967 
Pin-connected reinforcing system, 1020 
Pin connections of steel members, 293-298 
Pintles, 401 

Pipe coils for heating, 1165 
load, 1316 
shafts, 416 

threading machines, 906 
Pipes and fittings, water, 1283-1287 
cast-iron pipe, 1283 
concrete pipe, 1286 
cost of laying, 1284 
flange fittings, 1286 
screwed fittings, 1287 
wood stave pipe, 1284 
wrought-iron pipe, 1283 
Piping and fittings, 1239-1244 

blow-off and feed pipes, 1241 
fittings and valves, 1241 
flanged fittings, 1239 
joints and flanges, 1239 
pipe, 1239 
pipe covering, 1241 
Plank, specifications, 1494-1609, 1611 
Plaster as fireproofing material, 341 
board, gypsum, 987 
lime, 979 

IHastering, estimating, 1108 
machines, 905 
apooifications, 980 
Plasters, gypsum, 985 
Plate and box girders, 184-191 
combined stresses, 186 
flanges, 184 

resisting moment, determination of, 184 
riveting, flange, 186 
web, 186 
splices, 186 
stiffener angles, 185 
web, 184 

reinforcement, 186 
Plate girder flange splices, 284 
joists, 968 


Plate girder web splices, 281 
Plumbing and drainage, 1313-1362 
area drains, 1315 
chemical installations, 1317 
cold water consumption and piping, 1321 
drinking devices, 1322-1324 
hanging fixtures, 1319 
hot water service, 1319 
house drains, 1315 

lavatories, bath tubs, and showers, 1318 
lead burning, 1317 
waste pipe, 1316 

rain water leaders, roof terminals, 1314 
regulations, 1324-1352 
sewers, 1313 
sinks, 1319 

storm water disposal, 1313 
subsoil drains, 1313 

suggestions for engineers, architects, etc., 1362 
swimming pools, 1319 
toilet fixtures, 1318 
traps, 1316 
vents, 1316 
waste discharge, 1315 
yard drains, 1316 
Plumbing regulations, 1324-1352 

catch basins, sumps and ejectors, 1343 
explanation of terms, 1327 
floor drains and fixture wastes, 1346 
inspections and tests, 1348 
joints and connections, 1341 
miscellaneous provisions, 1343 
outside-of-building, 1326 
plumbing fixtures, 1346 
quality and weight of materials, 1337 
repairs and reconstruction, 1348 
sewers and drains, 1329 
surface and rain water connections, 1342 
toilet rooms for public buildings, 1349 
traps and clean-outs, 1339 
within-the-building, 1328 
Plumbing work, 842 
Pneumatic caissons, 365-369 
excavating tools, 861 
Poisson’s ratio, 6 
Police stations, 746 

Poling board method of sinking shafts, 365 
Portland cement, 992-996 
specifications, 1481 

Positive differential system of heating, 1191 
Post-caps, 259 

Posts, specifications, 1494-1609, 1616 
Power, 1233-1239 
auxiliaries, 1238 

comparison of engines and turbines, 1237 
compounding engines, 1236 
condensers, 1238 
condensing water, 1238 
engine valves, 1236 
gas engines, 1233 
prime movers, 1233 
removal of entrained air, 1238 
steam engines, 1234 
superheated steam, 1237 
turbines, 1236 
Power plants, 79^5 
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Preparation, of site for a building operation, 82Q-'a24 
location of reference points, 820 
photographs, 820 
pile driving, 821-824 
wrecking buildings, 821 
Pressure on foundations, 359 
tanks, 653 

Privies, outdoor, 1300-1306 
Properties of wood and steel sections, 96 
Protection of structural steel from fire, 337-343 
Public buildings, 728-753 

charitable purpose buildings, 751 

churches, 744 

city halls, 730 

civic centers, 743 

club houses, 731 

colosseums, 732 

comfort stations, 742, 777—783 

convention halls, 732 

court houses, 729 

dance halls and academies, 742 

detention buildings, 746 

expositions, 741 

fair park buildings, 739 

fire engine houses, 731 

hospitals, 751 

hotels, 731 

institutions isolated from cities, 753 
libraries, 730 
mausoleums, 743 
military buildings, 742 
municipal buildings, 730 
normal schools, 738 
park buildings, 741 
railway stations, 732 
schools, 738 
state Capitols, 728 
theaters and music halls, 741 
tombs, memorials, etc., 743 
town halls, 729 
’ universities, 732-758 
Pulling sheet piling, 872 
Pulsometcr steam pump, 874 

Pulvcr, H. E., on Cement mortar and plain concrete, 
1021-1031 

Concrete reinforcement, 1002-1021 
Metal lath, 967-976 

Pumping equipment, 873-876, 1267-1277 
air lift pumps, 1270 

centrifugal or turbine pumps, 874, 1276 

city water lifts, 1276 

deep well plunger pumps, 1269 

diaphragm pumps, 873 

fire pumps, 1275 

horsepower required, 1276 

hydraulic rams, 1267 

power pumps, 1273 

reciprocating pumps, 874 

residential pumping plants, 1274 

rotary or impeller pumps, 1270 

steam pumps, 874 

windmills, 1276 , 

Purdy, Corydon T., on Shafts in buildings, 648-651 
Stairs, 640 

Purification of water, 1250-1267 
Purlins, 463, 513, 533 


Purlins for sloping roofs, 191-197 
flexible roof covering, 193 
free to bend, 194 
load carried by, 191 
rigid roof covering, 192 
supported by tie rods, 195 
unsymmetrical bending, 191 
Putty, 1059 
Puzzolan cement, 992 
Pyrona doors, 638 

Radiation, heat, 1158 
Radiators, 1164 

Raft foundations, concrete, 383 
Railway stations, 732 
Rain water leaders, 607, 1266 
regulations, 1342 
roof terminals, 1314 
Rams, hydraulic, 1267 
Ransome unit system, 438 
Reactions, 17-22 

determination of, 18 
Reciprocating pumps, 876 
Reformatories, 748 
Refrigeration, mechanical, 1469-1468 
Reinforced concrete, 1031-1032 
beams and slabs, 127-174 
bending and direct stress, (58-79 
Reinforced concrete building regulations, 1667-1587 
bond and anchorage, 1579 
columns and walls, 1584 
concrete quality and working Btressoa, 1670 
definitions, 1667 
design, 1546, 1675 
flat slabs, 1580 

flexural computations and moment coeffi- 
cients, 1576 
footings, 1686 

forms and details of construction, 1674 
materials and teats, 1669 
mixing and placing concrete, 1573 
shear and diagonal rimsion, 1678 
Reinforced concrete construction, ffoor and roof 
framing, 418-441 
joint code, 1567-1687 
specifications for, 1631-1666 
Reinforcement, 1002-1021 

bars, spocificuitions, 1486-1487 
estimating, 1107 
specifications, 1641 
unit price of, 1116 
Reinforcing systems, 1017-1021 
Residences, fo\mdations for, 35(5 
lighting, 1416 1417 
Resolution of concurreiR forc(*», 8 
Restrained and continuous })eams, 42-49 
Resultant of forces, 7 
Retaining walls, (588 -459(5 
cantilever, 691 
masonry, 601 
reinforced concrete, 601 
sloping back fill, 694 
stability, 688 
steel sheet piling, 694 
structural steel frame, 604 
supporting railroad tracks, 606 
surcharge, 605 
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Revolving doors, 639 
Rib metal, 1015 
Ribbed lath, 970 

Ries, H., on Building stones, 923-936 
Riveted tension members, 230 
Riveters, air, 900 
Riveting girders, 185, 186 
steel frame work, 830 
Uivets, 260-271 

dimensions, 261 
direct tension, 270 
driving of, 268 
grip, 262 
holes, 263 
kinds, 260 
location, 263 

shearing and bearing values, 269 
spacing, 266 

Roberts, Alfred W., on Cast-iron lintels, 123-126 
Masonry arches, 299-304 
Plate and box girders, 184-191 
Steel beams and girders, 115-123 
Rock excavating equipment, 856-861 
Rock excavation, 825 
Rocks, characteristics, 354 

used as building stones, 924 
Rod spacing in columns, 326 

concrete detailing, 324, 325 
Rogers, H. S., on Cast-iron columns, 204-208 
Columns, 58-64 
Stresses in roof trusses, 53-58 
Roof construction, timber, 391-395 
girders or trusses, 392 
joists, spacing of, 391 
saw-tooth roof framing, 393 
sheathing, 391 
Roof dock, steel, 964 
R,oof drainage, 605-009 
catch basins, 608 
flashing, 605 
gutters, 605 

loaders, 607, 1266, 1314, 1342 

pitch, 605 

slopes on flat slabs, 608 
Roof framing, steel, 416-418 
flat roofs, 416 
hip and valley rafters, 417 
monitors, 418 
pitched roofs, 416 
saw-tooth skylights, 417 
Uoof trusses, 460-594 
arch(^d, 565-585 

bracing of roofs and buildings, 467 
choic(‘ of sections, 468 

oonn<'rtions betwecm purlins and roof covering, 
466 

general design, 460 

form, 461 

joint details, 469 

knee -braced, design of, 547-564 

loadings, 470 

loads, combinations of, 474 
members, form of, 469 
ornamental, 585-594 
pitch, 462 

purlins, spacing of, 463 
Show loads, 473 


Root trusses, spacing, 462 

steel, design of, 531-547 
stress data, 53—58, 475-510 
weight of, 471 
wind loads, 472 
wooden, design of, 511-531 
Roof trusses, arched, 565-584 
bracing, 584 

determination of reactions and stresses, 567 
form of, 565 
hingeless arches, 574 
loading conditions, 576 

members and joints for three-hinged arch, oSV 
stresses in braced and ribbed arches, 574 
three-hinged arches, reactions, 568 
stresses, 577 

two-hinged arches, reactions, 571 
Roof trusses, knee-braced, 548-564 
bracing, 562 

conditions for design, 553 

design of members and columns, 556 

form of, 548 

girts, 561 

joints, 560 

stress determination, 548 
stresses in members, 554 
Roof trusses, ornamental, 585-594 

architectural timber work, 585 
combined trusses, 593 
hammer-beam truss, stresses, 592 
joint details, 594 
scissors truss, stresses, 587 
Roof trusses, steel, 531-547 

bracing, design of, 547 
conditions of design, 531 
estimated weight, 543 
joints, design of, 538 
loadings, 532 
members, design of, 535 
minor details, 542 
purlins, design of, 533 
sheathing, design of, 532 
stresses in members, 533 
top chord, design of, 543 
type and form, 531 

Roof trusses, stresses in, 53—58, 475-510 
algebraic mbthod of sections, 53 
graphical method of joints, 54 
loads, 53 

methods of equations and coetELcients, 54 
reactions, 53 
wind load stresses, 56 
Roof trusses, wooden, 511-531 

conditions of design, 611 
estimated weight, 530 
joints, design of, 517 
members, design of, 515 
sheathing, rafters, and purlins, 533 
stresses in members, 513 
Roofing, estimating, 1095, 1109 
Roofs and roof coverings, 594-604 

asbestos corrugated sheathing, 602 
protected metal, 601 
cement tile, 602 
clay tile, 602 
concrete slab decks, 696 
condensation on roofs, 603 
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Roofs and roof coverings, conditions to be considered, 
595 

copper, 600 
cornices, 604 
corrugated steel, 601 
glass, 603 

gypsum composition, 597 
hollow tile, 597 
insulating methods, 604 
lead, 601 
metal tile, 603 
parapet walls, 60 1 
precautions in design, 596 
prepared roofing, 602 
reinforced gypsum, 597 
selecting the type, 594 
shingles, 59S 

slag or gravel roofing, 602 

slate, 599 

tin, 599 

wooden, 598 

zinc, 600 

Roofs in timber mill construction, 404 
purlins for sloping, 191-197 
Rubber tiling for floors, 456 
Rust in foundations, 358 

S-line, in unsymmetrical bending, 81 
S-polygons, in unsymmetrical bending, 81-86, 90 
Safe load, 6 

Safety deposit vaults, 625 
Sand, characteristics, 352 
pile foundations, 363 
Sandstones for building, 934 
Saville, C. M., 1268-1260 
Saw-tooth skylights, 417 
roof framing, 393 

roofs in concrete construction, 439 
Scaffolds, 841, 897-899 
fixed, 898 
suspended, 898 
School planning, 761-773 

administration offices, 772 

auditorium, 770 

building laws, 762 

class rooms, 767 

commercial high schools, 7l)4 

continuation or part-time classes, 765 

corridors, 768 

department rooms, 771-772 

educational surveys, 762 

fire protection, 773 

general design, 738 

gymnasiums, 769 

height of school buildings, 765 

intermediate or junior high schools, 763 

kindergartens, 769 

laboratories, 770-771 

library, 770 

lunch room, 771 

manual training schools, 764 

measurements of buildings, 766 

orientation of building, 767 

playgrounds, 773 

primary schools, 763 

program of studies, 762 

aohool organization, 762 


School planning, school sites, 762 
senior high schools, 764 
swimming pools, 770 
toilet rooms, 769 
vocational schools, 764 
wardrobes, 768 
wider use of buildings, 765 
Scrapers for excavating, 856 
Screws, 231 

lateral resistance of, 239 
Scuppers m walls of buildings, 346 
Seat connections in floor framing, 413 
Seaton, M. Y., on Paint, varnish, etc., 1060-1068 
Sedimentary rocks for concrete aggregates, 998 
Sedimentation tanks, 1294 
Segmental arches, 349 
Self-centering fabrics, 1016 
Separators in steel floor framing, 414 
Septic tanks, 1293, 1298 
Sewage disposal, 1288-1299 

composition of sewage, 1290 
cost, 1289 
details, 1289 
filters, 1296, 1299 
Imhoff tanks, 1294, 1299 
inspection of plants, 1298 
limiting grades, 1289 
materials used for sewers, 1288 
processes of purification, 1292 
sedimentation tanks, 1294 
selection of method, 1297 
septic tanks, 1293, 1298 
size of sowers, 1288 
tank treatment, 1292 
variations of flow, 1289 
workmanship, 1289 
Sewers, regulations, 1329 
Shafts in buildings, 648-651 
closed, 648 
elevator, 649 
open, 048 

stairway enclosures, 648 
Shapes, steel, 95 
Shear and torsion, 4 
in beams, 38, 48 
pin splice, 253 

Shearing stresses in reinforced concn'tc b(‘anis, 127 
Shears and moments, 22-34 

concentrated load systeius, 32 
definitions, 22 

determining moment graphically, 25 
diagrams, 23 

effect of floor b<*amrt in bridge construction, 26 
influence lines, 30 
maximum moment, 24 
moving uniform load, 29 
single concentrated moving load, 28 
Sheathing, in floor construction, 385 
papers, 1069-1070 
Sheet-piling, 363, 826, 866 
Shingles, 621 
Shoe factories, 801 
Shoring in excavating, 824 
of beams, 48 
Shovels, power, 846 
Shrinkage stresses, 6 
Siding on frame walls, 621 
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Silt characteristics, 353 
Simple and cantilever beams, 34-41 
Simplex floor arch, 348 
Simpson, Russell, 249 

Site of building operation, preparation, 820-824 
Skylights and ventilators, 609-615 
common box, 613 
glass, 611 

longitudinal monitors, 613 
saw-tooth construction, 613 
transverse monitors, 613 
ventilators, 614 
Slab footings, single, 373 

steel arrangement, in concrete construction, 418 
Slabs and walls, detailing in concrete construction, 323 
reinforced concrete, 141 
See also Beams, reinforced concrete 
Slag cement, 992 
Slate for building stone, 936 
Sloped footings for columns, 373 
Slow-burning timber mill construction, 399-405- 
anchoring steel beams, 404 
basement floors, 405 
beam arrangements, 403 
columns and walls, 404 
floor details, 403 
pintles over columns,' 401 
rigid connections, 402 
roofs, 404 

Smith, C. Shaler, formula for timber columns, 199 
Smith, Stewart T., on Mechanical refrigeration, 1469- 
1468 

Softwood floors, 453 

lumber claasificationa, 911 
Soil, characteristics, 351 

teats for bearing capacity, 351 
Space diagram, 8 
Specifications, 1136-1141 
city codes, 1140 
form, 1137 
index, 1141 

schedules of material and work, 1140 
See also Appendixes at end of Vol. II 
Spiral columns, 213 

Splices and connections: steel members, 260-298 
avoiding eccentric connections, 292 
compression members, 279 
connection angles, 285-289 
cover plate splices, 285 
eccentric connections, 289 
lap and butt joints, 271-279 
lug or clip angles in connections, 288 
pin connections, 293-298 
plate girder flange splices, 284 
web splices, 281 

requirements for a good joint, 293 
rivets and bolts, 260-271 
splices in trusses, 279 
tension members, 280 

dplices and connections: wooden members, 231-260 
bolts. 232 

compression on surfaces inclined to direc- 
tion of fibers, 248 

connections between columns and girders, 
257 

joists and girders, 254 
fish plate splice, 260-252 


Splices and connections: wooden members, joist 
hangers, 256 

lateral resistance of nails, screws and bolts, 
232-244 
nails, 231 

post and girder cap connections, 259 
resistance to pressure from metal pin, 248 
withdrawal of nails, screws, etc., 244 
screws, 231 
shear pin splice, 253 
tenon bar sphee, 252 
tension splices, 249-253 
washers, 245-248 
Springs, 1249 
Sprinkler systems, 1264 
Sprinkler tanks, 651 
Stacks, brick, 698 
concrete, 699 
steel, 703 
Stains, 1067 
Stair ^ells, 415, 648 
work, 843-845 
Stairs, 640-647 

balustrades, 645 
definitions, 640 
enclosed, 645 
estimating, 1103 , 1112 
hand rails, 645 
landings, 645 
location, 644 

materials, details, etc., 646 
number, 642 

reinforced concrete, 169-174 
risers, and treads, 641 
width, 642 
winders, 645 

Standardized industrial buildings, 802-809 
advantages, 803 

Austin method of construction, 802 
illustrations, 803 
origin, 802 
types, 802 
State Capitols, 728 
Statically determinate structures, 3 
Statics, principles of, 7-17 
center of gravity, 16 
definition, 7 
elements of a force, 7 
moments of forces, 17 
Steam engines, 1234 

hammers for pile driving, 822 
heating system, 1168-1172 
properties of, 1144 
pumps, 874 
shovel, 824, 848 
turbines, 1236 
Steel, 962-966 
a.lloy, 964 
carbon, 963 
castings, 956 
effect of heat on, 337 
elements in, 952 
forgings, 966 
manufacture, 963 
rolled shapes, 966 
structural pressed, 966 
See also Structural steel 
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Steel beams and girders, 115-123 
buckling of web, 116 
double-layer beam girder, 117 
cover plates, 117 
deflection, 116 
design of, 115 
grillage beams, 118 

lateral support of compression flange, 116 
multiple beam girders, 117 
strut-beams, 118 
tie-beams, 117 

Steel buildings, estimating, 1080-1096 
caissons, 367 
Steel columns, 208-212 

caps and bases, 211 
combined with concrete, 212 
details, 209 

forms of cross section, 208 
formulas, 62, 208 
lattice or lacing, 209 
slenderness ratio, 208 
splices, 211 
Steel doors, 638 

Steel-erection equipment, 900-903 
air riveters, 900 
chipping tools, 900 
dollies, 900 

drills, air and electric, 901 
grinders, air and electric, 901 
oxyacetylene cutting, 901 
rivet sets, 900 
welding, 901 

■^^eel floor and roof framing, 405-418 
frame buildings, erection, 829 
joists, 957 

roof truss, design, 531-547 
sash, estimating, 1108 
sections, properties, 96 
Steel shapes and properties of sections, 95-98 

manufacture and kinds of shapes, 95 
properties, 96 

Steel sheet-piling, 364, 825 , 866 

windows, 634 , 

wire gage, 1006 

reinforcement, specifications, 1487 
Stiffener angles of girders, 185 
Stiffness, definition, 5 
Stirrups, detailing, 325 
Stokers, mechanical, 1232 
Stone masonry, strength of, 1629-1530 
Stone work, 839-841 

general precautions, 840 
handling stone, 840 
pointing, 840 
preventing stains on, 839 
sotting, 839 

Stones, building, 923-936 
Storage of water, 1277-1283 
cisterns, 1280 

concrete tanks and reservoirs, 1280 
ice in tanks, 1282 
pneumatic tanks, 1280 
steel tanks, 1279 
wooden tanks, 1277 
Straight-line formula for stresses, 62 
Stress and deformation, 3 
axial stress, 4 


Stress and deformation, bending stresses, 5 
bond stress, 6 
combined stresses, 4 
curves, 4 

shrinkage and temperature stresses, 6 
working stress, 5 

Stress, bending and direct, wood and steel, 64 -HS 
Stress data for roofs, 475-510 
coeflScients, 475 

tables of coefficients, 476, 478—510 
vertical loading, 476 
wind loads, 477 

Stress fiber, coefficients for beams, 90 
formulas for, 79 

Stresses, formulas for detcrniimng, 60 
in trusses, computing, 49-58 
Stringers, specifications, 1494 - 1609 , 1511 
Structural clay tile, 942-949 
absorption tests, 948 
adhesion tests, 949 
> fire tests, 948 

freezing and thawing tests, 948 
kinds, 943 
manufacture, 943 
minimum requirements, 949 
ordinary temperature teats, 949 
sound testa, 949 
specification requirements, 944 
strength tests, 946 
tests on, 946 
Structural data, 332-716 
balconies, 668-675 
buildings in general, 332-337 
chimneys, 697-705 

concrete floors and roof framing, 418-441 
cornices and parapet walla, 630- 633 
domes, 705-716 
doors, 636 

firc-rcaistive column construction, 343- 345 
floor construction, 345- 349 
flat slab construction, 441 -453 
floor openings and attach nienta, 458 
surfaces, 453-458 
footings, 370-385 
foundations, 350-369 
ground floors, 459 
long span construction, 675-682 
mail chutes, 686 -687 
partitions, 625-630 

protection of structural steed from 337* 343 
retaining walls, 688 696 
roof drainag«‘, 605 609 
trusses, 460 594 

roofs and roof coverings, 594 604 
shafts in buildings, 648 651 
skylights and vcuitilators, 6t>9 615 
slow-burning timber mill construction, 399 405 
stairs, 640-647 

steel floors and roof framing, 405 418 
swimming pools, 682-686 
tanks, 651-657 

timber floors and roof framing, 385 399 
walls, 615-625 

wind bracing of buildings, 657-668 
windows, 633-635 
Structural lumber sizes, 921 

members, designing and detailing, 96"* 331 
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Structural steel, costs, 1083 
erection costs, 1086 
examination of, 956 
fire protection of, 337-343 
specifications, 1482 
Structural steel detailing, 310-321 
assembling marks, 314 
drafting room organization, 310 
layouts, 312 
ordering material, 311 
riveted connections, 312 
shop detail drawings, 312 
typical detail drawings, 314-321 
Structural steel work, 828-830 

bolting and plumbing of supf-Tstructure, 829 
cycle of cri'cting operations, 829 
erecting equipment, 829 
riveting, 830 
setting grillages, 828 
Structural theory, elements of, 2-94 

wood joist, etc., specifications, 1491-1509 
Strut-beams, 118 
Stucco, 981-986 

application, 983 
color, 984 

frame or timber walla for, 982 
general provisions, 983 
lime, 986 
magnesite, 985 
masonry walls for, 982 
monolithic concrete walls for, 982 
ovcTcoatirig old houses, 984 
proportions, 983 
r<‘inforcoinont, 983 
Stucco machines, 905 
Stud partitions, table, 389 
Studs, steel, 961 

Sullivan Machinery Comi>any drills, 860 
Surfacing machines for concrete, 904 
Swimming pools, 082-086 
cable, 685 
construction, 083 
dimensions, 683 
diving board, 684 
heating, 680 
lines and markings, 684 
linings, 084 
location, 082 
overflows, etc., 084 
school, 770 
shapes of bottom, 683 
spaces about the pool, 686 
special types for sports, 685 
water supply and sanitation, 686 
Sykes Metal Lath Co., 968 , 972 , 973 
System and control in b\nlding, 816-820 
daily reports and diaries, 820 
time scheduler 815-819 
working estimate, 819 

T-beam design, 422 
T-beams, 142-147 

Tait, W, Stuart, on Chimneys, 697-706 
Talbot, Prof., quoted, 209 
Tanks, 651-057 
gasoline, 657 
house, 655 


Tanks, sewage disposal, 1292-1299 
sprinkler, 651 
water, 1277-1283 
Telephone systems, 1469-1476 

common battery interphone systems, 1476 
distributing frame, 1469 
installation of subscribers’ sets, 1470 
intercommunicating, 1473 
substation wiring, 1472 
switchboard, 1469 
wiring classification, 1470 
Temperature stresses, 6 
Temperatures, usual, 1149 
Tenon bar splice, 252 
Tension in beams, 39 
Tension members, 229-231 
riveted, 230 
rods and bars, 229 
wooden, 231 

Tension splices in timber construction, 249 
Teredo, danger of, to foundations, 359 
Terminal, industrial, 791 
Terra cotta, 1039-1046 
, ceramic finish, 1041 
cleaning, 1045 

general principles for construction, 1042 
jointing and painting, 1046 
maintenance, 1046 
procedure and characteristics, 1039 
setting, 1044 
surface finish, 1041 
synopsis of manufacture, 1040 
use and properties, 1039 
Terra cotta floor arches, 347 

partitions estimating, 1108 
Terrazo finish floors, 457 
Textile mills, 800 
Theaters, 741 

balcony framing, 673 
ventilation, 1203 

Thiessen, Frank C., on Fire-resistive column construc- 
tion, 343-345 

Firc-resistivc floor construction, 345-349 
Piers and buttresses, 305-308 
Thompaon-Starrett Company, time schedule, 817 
Thomson, T. Kennard, on Foundations, 350-369 
Threading machines, 906 

Three-moment equation in continuous beam design, 43 
Tie-beams, 117 
definition, 2 

Tile arch floors, 347, 406 
floors, 455 
gypsum, 989 
partitions, 626 
walla, 620 
Tiling, 1046-1052 

certification of grades, 1061 
crassing, 1061 
glazed tiles, 1047 
grades of tile, 1048 
manufacture, 1046 
setting, 1062 
standards, 1048 
trim tiles, 1047 
unglazed tiles, 1046 
Timber, 908-923 

board measure, table, 916 
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Timber, classification of lumber, 911 

composition and mechanical properties, 909 
decay, prevention of, 911 
defects, 910 
deterioration, 910 
estimating quantities, 922 
factory and shop lumber sizes, 922 
factory lumber, 913 
framing timbers, sizes, 916 
general characteristics, 980 
grades, specifications, 1491 
measurement of lumber, 916 
sawing, 911 
seasoning, 910 
shrinkage, 909 
sizes of lumber, 917 
softwood-lumber classifications, 911 
strength values, 914 
structural lumber, 913 
sizes, 921 

used for wooden beams, 99 
working stresses, specifications, 1610--1519 
yard lumber, 912 
sizes, 917 

Timber detailing, 308—310 

information in plans, 308 
plans reqiiired, 309 
scales, 309 

Timber floor and roof framing, 385-399 
Time schedule in building operations, 816-819 
Toilet fixtures, 1318 

room partitions, 630 
rooms for public buildings, 1349 
Toilets, waterless, 1300-1312 
Tombs, 743 
Torsion, 4 
Town halls, 729 
Traps, 1315 

regulations, 1339 

Troutwine’s formula for keystone of an arch, 299 
Truscon. Steel Company, 806, 957-973, 1016 
Trussed girders, 180-183 
Trusses, computing stresses in, 49-68 
definition, 2 
roof, 392, 460-694 
Turbines, 1286 

Underfloors, 459 
Unit fan heaters, 1190 

prices, estimating, 1110 
reinforcing system, 1019 
stresses for design of wooden beams, 99 
University buildings, 732-738 
Unsymmetrical bending, 79-94 
deflection of beams, 93 
fiber stress coefficients for beams, 90 
flexural modulus, 81 
formulas for fiber stress, 79 
investigation of beams, 89 
S4ine, 81 

S-polygons, 81-86, 90 
solution of problems, 86 

Vacuum exhaust steam heating, 1191 
steam heating, 1190 
Valves, ew^iae, 1236 
Vapor systems of heating, 1191 


Varnish, 1065 
Vault construction, 624 
Ventilation, 1198-1218 
air distribution, 1206 
washers, 1206 
allowance for fittings, 1217 
automatic temperature control, 1206 
duct and fan circulation, 1212 
design, 1206 
systems, 1214 
fans and blowers, 1217 
friction through coils, etc., 1209 
gravity circulation, 1210 
mechanical circulation of air, 1207 
methods, 1202 
preheating air, 1203 
position of inlets and outlets, 1202 
quantity of air necessary, 1198 
theaters and auditoriums, 1203 
Ventilators, 614 
Vents, 1316 

Wagons for building operations, 862 
Wall board, gypsum, 989 
Walla, 615-625 

bank vaults, 625 
brick, 616 
veneer, 621 

cold storage buildings, 623 
concrete, 616 
curtain, 623 
damp proofing, 620 
faced with ashlar, 618 
frame, 620 
furring, 620 
insulation, 623 
masonry, above grade, 616 
below grade, 615 
parapet, 617 
partition deadening, 623 
party, 622 
retaining, 688-696 
sfifety deposit vaults, 626 
sheet metal, 621 
specifications, 1585 
tile and brick, 620 
plaster, 620 
vaxilt construction, 624 
wood and plaster, 621 
Wash borings for foundations, 360 
Washers in timb(T eonstruetion, 245" 248 
Water, consinnptifui and piping, 1321 
for mixing eonereto, 1002 
properties, 1144 

Water supply data and eqiiipment, 1246 i287 
bacterial count, 1266 
chemical treatment, 1251 
consumption of water, 1267-1280 
disinfection and sterilization, 1266 
filtration, 1261 
ground water, 1246 
hardness of water, 1264 
hydraulic data, 1260-1267 
incrustation, 1264 
infiltration galleries, 1249 
iron, removal of, 1268 
manganese, removal of, 1264 
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Water supply data and equipment, meters, 1259 
pipes and fittings, 1283-1287 
pumping equipment, 1267-1277 
purification of water, 1250-1267 
rain-w'ater fiilters, 1263 
rainfall, 1246 
sedimentation, 1261 
softeners of water, 1255 
sources of supply, 1246-1250 
springs, 1249 

storage of water, 1277-1283 
surface waters, 1249 « 
tanks, storage, 1277 
wells, 1246-1248 
Water-tight cellars, 369 
Waterless toilet conveniences, 1300-1312 
chemical closets, 1306-1310 
deep vault type, 1300 
double compartment type, 1306 
dry closets, 1310 
incinerator closets, 1312 
outdoor privies, 1300-1306 
pit type, 1303 

portable chemical closets, 1310 
removable bucket type, 1305 
septic privy, 1304 
water-tight vault type, 1304 
Waterproofing of foundations, 828 
Watson, F. K., on Acoustics of buildings, 754-761 
Web connections in steel floor framing, 414 
plates, 184 

reinforcement for concrete beams and slabs, 130- 
135 

Weights of building materials, 470 
merchandise, 334 
Welding structural steel, 901 
Wells, 1246-1248 
dredged, 369 
drilled, 1246 

driven and tubular, 1247 
dug or open, 1248 
interference, 1248 
Wheelbarrows, 861 
Wheeled scrapers, 866 

Whipple, Harvey, on Concrete building stone, 1032- 
1039 

Wickwiro Spencer Steel Company, 1011 
Wind bracing of buildings, 657-668 

bending stresses in girders, 663 
collapse, resistance to, 658 
girders, design of, 664 
masonry buildings, 667 
mill buildings, 667 
overturning, resistance to, 658 
path of stress, 658 
pressure on end of building, 667 
side of building, 668 
r<'otangular bracing, 660 
slK'ar in girders, 663 
stresses on columns, 666 
triangular bracing, 658 
unit stresses, 668 
wind pressure, 657 
wood frame buildings, 607 
Wind load stresses on roof trusses, 56 
pressure, 657 


Windmills, 1276 
Windows, 633-635 
basement, 634 

box frames in masonry walls, 634 
casement, 633 
hollow metal, 635 

location for lighting efficiency, 1419 
pulleys, 1075 
steel, 634 
wood, 633 

Winter construction, equipment for, 907 
Wire fabric for concrete reinforcement, 1006 
Wiring concrete buildings, 1384-1386 
Wood borers, 359 
caissons, 368 
construction in, 837-839 
floor surfaces, 453 

joist, plank, etc., specifications, 1494, 1609, 1611 
sections, properties, 96 
Wooden beams, 98-114 

allowable unit stresses, 99 
bearing at end of beams, 100 
deflection, lOO 

factors considered in design, 98 
girders, 101 

holes for pipes, etc., 99 
horizontal sheer, 99 
joists, 100 
kinds of timber, 99 
lateral support, 100 
quality of timber, 99 
sized and surfaced timbers, 100 
tables, 103-114 
Wooden columns, 197-204 
bases of columns, 203 
built-up, 200 
formulas, 198 
ultimate loads, 199 
Wooden girders, 174-183 
built-up, 175 
examples of design, 177 
flitch-plate, 179 
solid, 175 
trussed, 180-183 
Wooden grillage footings, 370 
pile foundations, 360-362 
roof truss, design, 511-531 
sheet-piling, 303, 866 
tension members, 231 
Woodworking equipment, 891-892 
boring machines, 892 
combination machines, 891 
jointers, 891 
power saws, 891 

Woolson, Prof. I. H., fire tests on concrete, 341 
Workhouses, 747 

Working estimate in building operations, 819 
load, 6 
stress, 5, 

Wrecking buildings, 821 
Wrought iron, 952 

Xpantruss reinforcing system, 1021 

Yard lumber, 912, 917 
Yield point, 3 

Youngstown Pressed Steel Company, 969, 971, 972, 1017 
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